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Changes in the federal farm program, in rainfall pattern and quantity, and 
increased incidence of herbicide resistant weeds and diseases have generated 
increased interest in spring grains in the Pacific Northwest. However, spring grains 
have traditionally been treated as minor crops in this region, thus little research has 
been done on them. Complicating the situation is the diversity in spring growing 
conditions as well as crops grown. This study was conducted to a) assess the impact 
of seeding date on the growth and development of the spring grains and b) to 
determine the differences or extent of differences among genetically diverse grains. 
Planting date and cultivar had significant effects on number of leaves and 
tillers as well as dry matter production. The differences among planting dates were 
mainly as a result of variations in temperature, though soil moisture was of 
significance in some cases. Among the cultivars, Alpowa had a high tillering rate, 
while Westbred936 was poor. The leaves of the cultivars generally emerged at a 
constant rate (with a few exceptions) within a given planting date, but rates differed 
Redacted for Privacyamong planting dates. Though significant differences in rate of leaf emergence 
were observed among cultivars, rate of leaf emergence in wheat as a group was not 
significantly different from that of the barley or oat cultivar evaluated. 
Phyllochron decreased with later sowing in only the first year. In the second 
year, no consistent increase or decrease in phyllochron with planting date was 
observed. Rate of dry matter production followed an inverse quadratic polynomial 
trend. Rate increased slowly during early growth and later rising sharply as plant 
matured regardless of planting date. Among the cultivars, barley plants showed 
clear superiority in dry matter accumulation. This is likely the reason why barleys 
seemed to show superior growth to all the other cultivars. A relationship between 
vegetative growth and grain yields was observed; however, assimilate 
redistribution was also found to play significant role. 
Results obtained were a clear reflection of differences in environmental 
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1. INTRODUCTION 
Forecasting of crop production requires models and crop calendars that can 
accurately predict plant development rate and growth stage at any time during the 
growing season as the impact of episodic weather events on yield differs with 
growth stage (Bauer et aI.,  1984). Growth and development are distinct but related 
processes (Wilhelm and McMaster, 1995). Growth is commonly defined as 
increase in size (volume) while development involves the processes of division and 
differentiation of cells (cellular specialization) into tissues, organs and organisms 
(Salisbury and Ross, 1992). Size (volume) increases are often determined by 
measuring increases in leaf length, leaf area, or changes in dry matter with time. 
Plant growth and development is impacted by a number of factors - temperature, 
photoperiod, moisture, nutrient availability, salinity etc. with changes in some of 
these factors accounting for profound effects on plant growth rate. 
An important dimension of growth and development is the concept of time. 
Time can be measured in various ways: clock time, calendar time, photothermal 
units or heat units, also referred to as growing degree-days. However, the use of 
any of these measurements should meaningfully reflect the response of the plant to 
the passage of these intervals (Wilhelm and McMaster, 1995). 2 
Phyllochron is a term used to describe the rate of leaf appearance. Bunting 
and Drennen (1966) defined it as the interval between the appearance of successive 
leaves on a culm or stem. It is measured as the inverse of rate of leaf appearance, 
the smaller the phyllochron, the faster the rate of leaf emergence. The larger the 
phyllochron, the slower the rate. Two of the factors affecting phyllochron are 
planting date and plant genetics. Gallagher (1979) reported a constant phyllochron 
for the development of wheat and barley plants studied. McMaster et aI. (1992) did 
not find any differences in the pyllochron among either the ten cultivars of winter 
wheat studied or between maturity classes. However, several other researchers have 
reported differences in phyllochron as planting dates and cultivars differed (Kirby 
et aI.,  1982; Baker et aI.,  1980; Cao and Moss, 1989; Baker and Gallagher, 1983). 
Grain yield of cereal crops is determined by five components: plants/area, 
tillers/plant, spikes/tiller, grains/spike and weight of grains. These components of 
yield are determined sequentially and are affected by both environment and genetic 
factors (Slafer at aI.,  1996). Thus an environmental adversity can have detrimental 
effects on the yield component and eventually yield depending on the time it 
occurred. Research into factors that impact vegetative growth is important because 
it would result in the development of better production strategies for the future. 
Cereal grain cultivars grown in Oregon have traditionally been winter types. 
However, changes in the USDA farm program, increased incidence of herbicide 
resistant weeds and root rot diseases as well as change in rainfall quantity and 
pattern have led to increased interest in spring cereals. Complicating the situation 3 
even further is the diversity among spring cereal grains and planting dates. Whereas 
much of the winter wheats grown are soft whites, the spring cereal acreage is 
divided among soft and hard wheats, barley and oats. Moreover, though winter 
cereals are generally planted over a 2-month period (Sept-Oct), spring grains are 
planted over a 4-month period. They are thus subjected to an array of conditions 
(cold, wet, early springs versus hot dry late springs, etc.) depending on the time 
planted. Unfortunately, little research on spring cereals has been done since these 
crops have traditionally been treated as minor crops in Oregon. Growth and 
development is but one area where more information is needed. The benefit of 
growth and development knowledge include a) improving production and 
management practices, e.g. better scheduling of planting and harvesting time, 
improved timing irrigation, pesticide and fertilizer application, b) better 
understanding of the impacts of management on growth and development and 
eventually crop yield and quality, and c) the development of better cultivation 
strategies for the future. 
The purpose of this study was to investigate the growth and development of 
eight spring grains: 4 white wheats, 2 red wheats (Triticum aestivum L.), an oat 
(Avena sativa L.) and a barley (Hordeum vulgare L.). The study focused on how 
the growth of these grains is impacted by planting date. The study also sought to 
determine differences or extent of differences among these genetically diverse 
grains, with the hope that results of this initial study might give researchers some 
information on which to make planting recommendation. 4 
2. LITERATURE REVIEW 
2.1  Factors influencing growth and development 
Growth and development of plants are affected by a number of factors -
genetics, temperature, photoperiod and soil being some of the major ones. In plant 
production, the rate of physiological processes like growth and development 
depend heavily on weather conditions (Penning de Vries, 1982). Even though 
factors such as temperature or light may often be the limiting factor(s) to plant 
growth, these factors may interact with others to affect plant growth. Some factors 
affect plant growth directly while others have indirect influence. The production 
and appearance of leaves are fundamental processes in the growth and development 
of cereal plants (Kirby and Perry, 1987) because rate of leaf appearance can be 
used to predict the developmental stage of these crops. Research has shown that 
applications of hormone herbicides (Tottman, 1977; Orson, 1983), fertilizers 
(Thome et aI.,  1988) and irrigation water are best made on developmental stage 
rather than by calendar date.  The rate at which leaves appear on cereal plants is 
also closely related to tillering, which is an important component in grain yield 
production (Klepper et aI., 1982). 5 
2.1.1  Temperature 
In temperate climates, temperature is often thought to be the driving force 
behind plant growth and development. Plant growth is notoriously sensitive to 
temperature and often a change of a few degrees leads to a significant change in 
growth rate (Salisbury and Ross, 1992). Development of temperate cereals is 
usually accelerated by warm temperatures and long days and in the case of winter 
cereals, by the exposure to cold of young seedlings (Friend, 1965; Rahman and 
Wilson, 1977). The effects of temperature however, are sometimes confounded 
with other factors. For example, under high temperature conditions in dryland 
areas, moisture is usually limiting due to higher than normal evapotranspiration and 
little or no precipitation. Plants may go under moisture stress. 
Temperature influences the germination, growth and development of crops. 
Each crop has at any particular stage of its life cycle a set of cardinal temperatures: 
a minimum, an optimum and a maximum.  In the thermal time concept, this 
minimum temperature is referred to as the base temperature (Tb), below which the 
plant ceases to grow. The optimum temperature may be defined as the temperature 
or range of temperatures at which growth occurs at a maximum rate. The maximum 
temperature is the temperature above which growth ceases, and in some cases, 
death of the plant (Salisbury and Ross, 1992). The cardinal-temperature concept 
was put forward as a result of a number of studies done to observe the effect of 
different temperatures on major plant physiological processes. Many of the 
reactions taking place in plants are enzyme controlled.  Increasing temperature leads to increase in the kinetic energy of reacting molecules, which results in an 
increased rate of reaction. However, as temperature increases above a certain limit, 
reduction in enzyme activity and in some cases the denaturing of enzymes occurs 
(Salisbury and Ross, 1992) with a resulting decline in growth rate.  Graphs of 
growth rate as a function of temperature gave quadratic curves for lupine, com and 
tomato (Salisbury and Ross, 1992). Ong and Baker (1985), in discussing the 
general relationships between temperature and rate of leaf growth, noted that for 
many observations curvature at high temperatures is common and may be a 
consequence of other environmental factors such as low light, low humidity or a 
combination of unrelated factors. 
6 
Temperature influences plant growth rate by affecting photosynthesis and 
respiration; the processes that control rate of dry matter accumulation. Bird et al. 
(1977) observed photosynthesis and dry matter production in tropical cereals to be 
adversely affected above optimal growth temperatures.  When forage oat was 
grown at a high temperature (27122  DC day/night), the plants produced higher leaf 
dry weight but lower grain weight. Boldocchi et al. (1981) noted temperature to be 
the most important factor influencing the development of alfafa. Warm 
temperatures hastened flowering while cool temperatures delayed maturity (Nelson 
and Smith, 1969). Other researchers (Barta, 1978; Harding and Sheehy, 1980) 
found nitrogen fixation in alfafa to be most sensitive to changes in temperatures. 
Bleken and Skjelvag (1986), studying the phenological response of six oat cultivars 
to temperature and photoperiod, found that temperature had greatest effects on rate 7 
of development between sowing and jointing <tnd between heading and yellow 
ripening. Increase in temperature resulted in increase in rate of development, thus 
shortening developmental periods. Aitken (1974) also found temperature to be 
more important than photoperiod in his study of oat cultivars. Higher temperatures 
increased leaf emergence rates but delayed flowering. In their studies, Hesketh et 
aI. (1969) found temperature and photoperiod to have profound influence on leaf 
number and associated characteristics as do genetic differences on maize (Zea mays 
L.), sorghum (Sorghum vulgare Pers.) and Hungarian millet (Setaria italica (L.) 
Beauv.). Leaf numbers increased as temperature increased, and as daylength 
became longer. 
Thermal time measured as heat units or growing degree-days (GDD) is a 
commonly used scheme for studying plant-temperature relationships (Arnold, 
1960). It is based on the assumption that a) the rate of growth is directly 
proportional to increase in temperature over the range of temperature experienced 
and b) temperatures do not fall under the base temperature for a significant part of 
the growing season. Gallagher (1979)  reported that these conditions are usually 
met in field studies of temperate cereals. GDD is calculated as the arithmetic 
accumulation of daily mean air temperatures above a certain threshold temperature, 
which is considered the base temperature (Arnold, 1960; Gallagher, 1979; Baker et 
aI.,  1980; Cao and Moss, 1989a). The base temperature differs with species and is 
defined as the temperature below which growth practically ceases. In cereals, it is 
estimated to be 0 DC, while that for maize is around 10 DC. In his study, Gallagher (1979) reported plotting plant variables against thermal time rather than 
chronological to separate effects of temperature from ontogeny and to enable the 
comparison of leaf growth patterns. 
8 
The heat unit system is a more uniform method than the use of calendar 
date in staging plant growth. This is because growth and development in cereal 
plants are modified by environmental factors, which also change with seasons. As a 
result, the use of calendar date becomes unsuitable for quantitative description of 
plant developmental stage (Landes and Porter, 1989). When used as a timer of 
development, GDD provided better fits for the regressions and allowed direct 
comparison of growth chamber and field experiments (Rickman et al.  1983). 
Karow et al. (1993) reported that when cereal seeds are sown at a depth of about 2 
inches, seedlings emerge after about 180 GDD had elapsed. An additional 100 
GDD was needed for each leaf to extend. Thus, one could estimate the amount of 
heat units that has accumulated since emergence by the number of leaves on a 
plant. Klepper et al. (1982) observed the appearance of tillers on a cereal plant to 
follow a certain predicted pattern depending on main stem leaf emergence, which 
also depended on GDD. Since tillers mayor not develop as a result of stress, 
inferences on the stress history of the plant can be made when tillers fail to appear 
after certain amount of GDD has elapsed. 
The GDD concept has been found to be a more precise method of 
comparing com inbreds or hybrids regardless of the environmental conditions 
under which they are grown (Gilmore and Rogers, 1958). These researchers also 9 
found the number of heat units required for silking to be relatively constant for 
crops with different planting dates, while calendar dates varied widely. The canning 
industry also uses this system to schedule planting and harvesting to ensure the 
even flow of crop at harvest time. Not only that, but researchers in other disciplines 
(entomology, plant pathology, ornithology and zoology) have put the system to 
good use. 
2.1.2  Photoperiod 
Light is one of the most important factors affecting the flowering of plants. 
The effects of light may be divided into three different components, namely, 
responses to light duration (Photoperiod), to the quality of light (wave-length) and 
to irradiance (radiant energy) (Dennis, 1984).  The responses of plants to 
photoperiod, has given rise to three groups of plants: day-neutral, short-day and 
long-day plants. The day-neutral plants flower without respect to daylength . For 
example, most tropical crops fall under this category since they are daylength 
insensitive. Flowering in short-day plants is induced by short days and long nights. 
Long-day plants flower when the length of the light period is longer than a critical 
length. The critical factor here is not the absolute length of the photoperiod but 
whether it is longer or shorter than a critical interval (Raven et aI.,  1981). 
Conflicting reports exist on the effects of photoperiod on phyllochron. 
Much of the research done has shown temperature to be the driving force behind 
growth and development. However, some researchers believe that both photoperiod 10 
and temperature constitute the major force behind growth while others believe that 
it is daylength rather than temperature that accounts for differences in the 
phyllochron of plants sown on different dates. Among those believing photoperiod 
to have major effects are researchers who have postulated that the rate of change of 
day  length rather than photoperiod per se is responsible for differences in 
phyllochron observed. From their studies, Baker et al. (1980) and Kirby et al. 
(1982), suggested that phyllochron differed with planting dates for wheat and 
barley because the phyllochron was fixed by the rate of change of daylength at crop 
emergence. Such interpretations however, fail to take into account the effect of 
temperature on phyllochron. Kirby and Perry (1987) found the rate of change of 
daylength rather than photoperiod to account for much of the variation observed 
when the rate of leaf emergence was regressed against these two factors. However, 
it was not clear whether rate of change of daylength was the environmental cue 
setting leaf emergence rates. Cao and Moss (1989b), from their study on daylength 
effects on winter wheat and spring barley, found the leaf emergence rates of all 
genotypes to increase with increasing daylength. They also found phyllochron to 
differ with different temperatures (Cao and Moss, 1989a). The results of their study 
refuted the suggestion that leaf development rates are set by the environment at the 
time of seedling emergence. They postulated that phyllochron of wheat and barley 
will differ with daylength and therefore with planting date and lattitude. They also 
suggested that phyllochron can change as daylength changes during the growth of 
the crop.  In creeping red fescue (Meijer, 1984) and in kentucky blue grass (Canode 11 
and Perkins, 1977), floral induction was found to be mediated by both temperature 
and daylength. Bleken and Skjelvag (1986) studying six oat cultivars noted that 
photoperiod had the greatest effect on developmental rate between jointing and 
heading. Longer photoperiods caused a hastening of developmental rate and 
resulted in the shortening of the length of this period. Temperature on the other 
hand, was found to be the most important factor, influencing rate between sowing 
and jointing. Photoperiod had no effect on the total number of leaves of cowpea 
plants grown in controlled environments (Summerfield at aI.,  1978; Wienk, 1963). 
2.1.3  Genetics 
The rate of leaf production has been found to vary between plant genotypes 
and genotypic differences have been used to select for certain plant types (Syme, 
1974). Leaf emergence rates have been found to be highly heritable and 
considerable changes could be produced within relatively few generations (Edward 
and Cooper, 1963). Phyllochron is reported to be to be relatively similar within a 
species but to differ between species. For example, the phyllochron of com (Zea 
mays L.) was found to be 39 GDD, while that of western wheat grass (Pascopyrum 
smithii) was found to be 147 GDD (Kiniry et aI.,  1991; Frank et aI.,  1985). In field 
plantings of wheat and barley, Kirby et aI. (1985) found rate of leaf emergence to 
differ among the varieties of both crops. Higher leaf emergence rates were found 
for barley than wheat. Similarly, Kirby and Perry (1987) observed significant effect 
of variety on rate of leaf emergence, even though an interaction between variety and planting date was also noted. The effect of genetics on rate is not well 
documented and effects are likely complex. 
2.1.4  Planting Date 
12 
Environmental conditions like temperature and photoperiod are major 
factors that differ with planting date and latitude (Cao and Moss, 1989) and could 
thus impact plants grown at different times. Kirby (1995), working on the factors 
affecting rate of leaf emergence in wheat and barley stated that, "rate is set early in 
the life cycle and differences between sowing dates are a function of the 
environment at the time of sowing". Kirby et aI. (1985) observed differences in rate 
of leaf emergence of barley and wheat plants sown on different dates. The leaves of 
the later sown plants generally emerged at the fastest rates. In that same study, the 
total number of leaves emerged was also found to differ with sowing date, with 
number of leaves declining systematical to a minimum with later sowings. This 
observation contrasts reports stating that the environment only speeds or slows 
down rate of leaf emergence in cereal development. Other researchers (Hay and 
Delecolle, 1989; Baker et aI.,  1980; Cao, 1989) have reported differences in leaf 
appearance rates with sowing dates: the rates increased with later sowings, which 
coincided with warmer temperatures. 
Delayed sowings are usually accompanied by increased temperatures which 
accelerate crop development and decrease accumulated solar radiation, resulting in 
less biomass production, kernel set and grain yield in maize (Cirilo and Andrade, ---------------------- ----
13 
1994a; Otegui et aI.,  1995b). Smart and Moser (1997) found that the seeding date 
of switchgrass affects the plant's morphological development, with early plantings 
developing more leaf area and shoot mass than later plantings. They recommended 
early spring plantings to avoid the risk of unfavorable weather conditions. Other 
researchers however, have recommended later planting dates (late April and May) 
for these warm season grasses (Hsu and Nelson, 1986a,b; Vassey et aI.,  1985). 
2.2  Rate of leaf appearance 
The slope of regression of number of leaves on main stem on thermal time 
or calendar days gives the rate of leaf emergence in cereal plants. Statistically, the 
slope parameter ~  1 in a simple linear regression describes the change in the mean 
of the response Y per unit increase in X. 
Equivalently ~  1= Mean (YIX2) - Mean (YIX1)  (Ramsey and Schafer, 1997). 
X2-Xl 
For this study, Y is number of leaves on main stem and X,the thermal time. 
A number of researchers (Gallagher, 1979; Baker et aI.,  1980; Kirby et 
aI., 1982) found linear relationships between leaf number and thermal time for 
wheat and barley growing in the field. Similarly, Friend et aI.  (1962) found leaf 
appearance stage to be closely and linearly related to thermal time from sowing 
under controlled conditions and in field conditions. Krenzer et aI. (1991), observed 
a linear relationship between main stem leaf stage and GDD in winter wheat. They 
suggested that variation in moisture availability could cause rate of leaf appearance 14 
in plants to fluctuate about and below a straight line. Gan and Stobbe (1996) found 
the number of leaves of red spring wheats to increase linearly with time during the 
period of study, which was from emergence to about 5 weeks after emergence (150 
~  GDD ~  600). Cutforth et aI. (1992) reported similar results in work done with 
spring wheat. 
Work done with cowpea in Nigeria showed temperature to be the 
determining factor in growth of cowpea. Rate of leaf appearance increased with 
increasing temperature up to an optimum. Photoperiod on the other hand, had no 
affect on rate (Craufurd et aI.,  1997).  In that study, phyllochron was found to be 
constant among genotypes of cowpea originating from West and Southern Africa. 
Linear rates have also been reported for ryegrass (Silsbury, 1970) and maize 
(Brower et aI.,  1973). 
Other researchers (Baker and Gallagher, 1983; Baker et aI., 1986), on the 
other hand, observed non-linear relationships between leaf stage and thermal time 
in some of their plantings in each season. Cao (1989) found that the relationship 
between phyllochron (Y) and temperature (X) fitted an exponential equation of the 
form Y=ae(bx) over a temperature range of 7.5 °c - 25°C. Thus, as temperature 
increased, phyllochron increased exponentially. Ong and Baker (1985), however, 
reported that the relationship between rate and temperature was not exponential but 
linear over a temperature range of 10-15 °c below an optimum. This is why Q 1  0 
(the factor by which a reaction increases with a WoC increase in temperature) 
decreases with increasing temperature. Warrington and Kanemasu (1983) also 15 
observed a curvilinear relationship between leaf growth and temperature in maize. 
Gallagher (1979) observed rate of leaf appearance to slow in mid winter but 
increase during the spring when wheat leaf appearance rate was plotted against 
chronological time. However, when rate was plotted against thermal time, the 
former increased linearly with thermal time for both winter wheat and spring barley 
cultivars. In the same study, the leaf laminar lengths and widths were found to 
increase linearly before flattening off when plotted against thermal time. Baker and 
Gallagher (1983), observed a linear response of leaf initiation rate to temperature; 
however, the correlation, was not strong for initiation rates in spring-sown wheats. 
A linear relationship between number of leaves on the cereal culm and GDD means 
rate of emergence is constant over the course of study, which also implies that 
temperature is the main factor controlling leaf emergence. 
2.3  Modeling plant growth 
A plant's genetic potential, the environment and management practices 
determine plant growth and yield (Ritchie et aI.,  1986). Engineers have successfully 
used models to describe mechanical systems for decades. According to de Witt 
(1982), the success of these engineering models inspired biologists and agronomists 
to use these techniques in their disciplines. Applications of mathematical models in 
the plant sciences are primarily for predictive purposes. Models can help us 
understand and eventually better manage crop growth and development. 16 
Advances in computer technology allll  th~ reduction in cost of computer 
facilities have resulted in the development of many crop models that have been 
used in managerial decisions that affect growth and yield of crops. These decisions 
range from use of alternate genotypes, different planting dates, irrigation 
scheduling and fertilizer applications (Cao, 1989).  Crop growth models help 
improve management and productivity of crop production systems.  Examples of 
excellent and comprehensive models in crop science are the Ceres-Wheat (Ritchie 
et aI.,  1986) and Ceres-Maize (Jones and Kiniry, 1986) models. Other models have 
also been developed for wheat. However, these models were either too complex or 
too descriptive, lacking physiological insight into plant growth (Moorby, 1985; 
Lindstrom et aI.,  1976; Hodges and Kanemasu, 1977). The Ceres-Wheat model was 
designed to bridge the gap between statistical and descriptive models. It can predict 
the performance (mainly yield) of wheat sown anywhere at any time given the 
proper genetic, soil, climatic and management factors (Ritchie et aI.,  1986). Two 
phases of development are usually distinguished for purposes of modeling. These 
are pre-storage organ phase and post storage organ phase. The rates of development 
for these two periods differ because development proceeds at different rates during 
these periods (van Keulen, 1986). 
Phenological development (e.g. leaf growth) is one of the most important 
crop characteristics to be considered in modeling production because leaf area 
development greatly determines plant photosynthetic capacity and 
evapotranspiration (van Keulen, 1986). Leaf area is a product of the rate of leaf 17 
appearance and rate of expansion and as a result, rate of leaf appearance becomes 
an important component in the study of leaf growth (Ritchie et aI.,  1986). Whereas 
phyllochron has been reported to vary with planting dates, latitudes, and cultivar 
(Baker et aI.,  1980; Kirby at aI.,  1982; Baker and Gallagher, 1983; Cao and Moss, 
1989), there is evidence for a constant phyllochron among cultivars studied 
(Gallagher, 1979; McMaster et aI.,  1992). 
2.4  Tiller and dry matter production 
Tillering is important in cereal grain production since the number of headed 
tillers is an important yield component.  As such, studies on how the environment 
and genetic factors affect tiller production are of utmost importance. Klepper et ai. 
(1982) undertook an important study, which showed the pattern of development of 
tillers on the wheat plant. Thus, making it easy to predict the initiation and 
appearance of tillers. 
Tillers are produced from buds at the base or in the axils of leaves and seem 
to emerge following a predicted pattern. Since the tiller is an important grain yield 
component, their initiation and survival is important to the growth of cereal plants. 
Tillers do not only act as transpirational surfaces but also serve as sinks for certain 
assimilates and nutrients (Marshall and Wardlaw, 1973). Power and Alessi (1978) 
working with hard red spring wheat, attributed increased grain yield to the effect of 
N fertilization on tiller development. N fertilizer was found to reduce tiller 
mortality (especially higher order tillers) thus providing more ears per hectare and -----------------. 
consequently greater grain yields. Darwinkel (1978), however, noted that it is the 
main stem of the wheat plant is most likely shoot to produce an ear. The earlier 
formed tillers may produce some ears but later formed tillers usually die and 
produce no grain. 
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Rawson (1971) found that the sequence and appearance of early formed 
tillers were relatively unaffected by genotype and environment. On the other hand, 
other researchers have reported significant effects of genotype and environment on 
tiller production. Hucl and Baker, (1989) reported significant differences among ten 
spring wheat genotypes for percent tiller emergence and survival. A highly 
significant (p < 0.005) tiller x genotype interaction was observed for tiller 
emergence.  Other researchers (Bunting and Drennan, 1966; Simons and Hunt, 
1982) also noted differences in tiller numbers among cultivars. 
Friend (1965) observed increases in tiller production in spring wheat as 
temperature increased to about 20°C. Stem and Kirby (1979) observed an increase 
in the rate of tiller emergence with delayed seeding. Autumn and mild winter 
conditions slow tiller production while warm spring temperatures bring a rapid 
increase in tiller numbers (Simons, 1987). In another study, Carnell (1969) found 
rapid tiller emergence for later seeded barley. 
Plant production is driven by photosynthesis and assimilate distribution 
determines dry matter yields, which later translates to grain yields. The amount of 
vegetative dry matter produced by plants is thus very important because of its 
relation to final yield. Like other aspects of plant development, dry matter 19 
production is also influenced by environmental factors. Downes et al. (1974) 
observed a higher leaf dry weight in oat cultivars grown under higher (27/22 DC ) 
day/night temperatures as compared to a lower (21 /16 DC) temperature regime. 
Grain weight was however reduced in the higher temperature treatment. In another 
study, Peterson and Schrader (1974) reported that 'Froker', a late maturing oat 
cultivar, when compared to two other oat cultivars showed clear superiority in leaf 
dry matter production at warmer temperatures. The other cultivars had decreasing 
dry matter rates as temperature increased. This observation showed that production 
was influenced by both temperature and cultivar. Klinck and Sim (1977) reported 
greatest dry matter production in oat under cool temperature conditions. Since oat 
is a cool season crop, it grows best under relatively cool temperatures. However, 
some oat cultivars are adapted to warmer temperatures, thus producing best under 
warm conditions. This most likely is the reason for the differential responses by 
these cultivars. 
Effect of planting date on dry matter production has also been reported. 
Fischer and Kohn (1966) observed a reduction in total dry weight with later 
plantings in both years that their experiment was conducted. Planting dates for 
wheat sown ranged from April to July.  In some of their trials, increased vegetative 
growth depressed grain yield, probably due to increased competition for limited 
soil moisture. They also found differences in dry weight to be greater than variation 
in grain yields and they attributed this to unfavorable soil moisture conditions. Rate 
of dry matter production was not constant, it increased and later declined. Spring 20 
oats sown later in the season produced lower herbage and grain yields because later 
sown crops were exposed to the higher summer temperatures (Wiggans, 1956; 
Stoskopf et aI.,  1966). Lloveras and Iglesias (1998) reported increasing dry matter 
yields as plants advanced to maturity. Rate of dry matter accumulation was highest 
in the second year of their study and was attributed to highest spring temperatures 
in that year. 
2.5  Yield and yield components 
The growth of a crop, though a continuum, is defined by a sequence of 
phenological events. Each of these events is controlled by external factors and is 
also closely associated with morphological and physiological functions of the plant. 
The effects of environmental stress on different cultivars are reflected in 
differential yields of cultivars, depending on the growth stage at which stress was 
experienced. Bretschneider-Hermann (1966) reported that warm temperatures 
before anthesis, followed by cool weather up to milk ripeness and warm weather in 
the final stages of ripening resulted in high yields in oat. Klinck and Sim (1977) on 
the other hand obtained the highest yields when 'Clintland 60' and 'Garry' (oat 
cultivars) were maintained at cool temperatures through their life cycle.  In another 
study, Marcellos and Single (1972) reported that air temperature was the most 
important factor influencing the rate of development in the post - anthesis phase. 
The influence of photoperiod was insignificant. Higher temperatures after anthesis 
have been noted to reduce yields in spring wheat.  Kirby (1969) noted that thousand-kernel weight in cereals showed no response to daylength in either field 
or pot experiments. 
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Early seeding has been recommended for most crops to obtain maximum 
yields because plants grown early are able to take advantage of non-limiting 
resources available in the early stages of growth. Early planting also results in a 
longer growth period as well as ability to escape unfavorable biotic and abiotic 
stresses. Reduction in yield with delayed seeding in cereals has been reported to be 
a result of hotter, drier weather coinciding with floret production. Gooding and 
Lafever (1991) reported a 24-41 % reduction in grain yields when planting was 
delayed in field trials. Yield components also suffered as a result of delayed 
seeding despite increase in number of florets per panicle.  Fisher and Kohn (1966) 
reported decreases in grain yield with each successive delay in sowing. Grain yield 
showed a linear decrease of about 2 bula for each week's delay in sowing. 
Conversely, Colville and Frey (1986) reported mixed results for oat yields planted 
on different dates. No significant variations in yields were obtained for the different 
seeding dates. In another study, planting date rather than seeding rate was found to 
have the greatest impact on grain yields (Dahlke et aI.,  1993). 22 
3. MATERIALS AND METHODS 
3.1  Phenological study 
The study was done over a two-year (1997 and 1998) period. Eight spring 
grams  (Table 1) were used and were planted over four sowing dates, providing 
eight unique environments (four planting dates and two years). The wheat cultivars 
represented two major market classes: soft whites and hard reds. Cayuse oat and 
Steptoe barley were selected because they are the commonly grown cultivars in 
Oregon and the Pacific Northwest. 
The study was conducted at Oregon State University's Hyslop Research 
Farm near Corvallis, Oregon. The soil is a Woodburn silt loam (fine-silty mixed 
mesic Aquultic, Argixeroll). Table 2a gives the total precipitation and average daily 
temperatures for 1997 and 1998 growing seasons. 
In the first year, the cultivars were planted in a randomized complete block 
design with four replications within four planting dates. The first seeding was on 26 
March 1997, with subsequent seeding dates on 18 April, 6 May, and 16 May (Table 
2b).  The design for the second year (1998) was a split plot design with planting 
date as the main plot and cultivar as subplot to be used in the second year of 
planting.  Field plantings were on 16 April, 5 May, 2 June and 12 June 1998 (Table 
2b). Rains significantly delayed plantings in 1998. In both years, our goal was to 
separate seeding dates by approximately 200 growing degree-days (GDD). While 
this goal was nearly accomplished in 1997, separations in 1998 were limited by the 23 
weather. In 1997, heat units accumulated between plantings 1 and 2,2 and 3,3 and 
4 were 192,207 and 175 ODD, respectively. In  1998, separations were 250, 333 
and 160 ODD. 
Table 1. Agronomic characteristics for eight spring cereals. 
Cultivar  Market class  Developerl  Year of  Maturity2 
release  class 
Alpowa  Soft white wheat  WA  1993  M-L 
Penawawa  Soft white wheat  WA  1985  M 
Treasure  Soft white wheat  ID  1986  M 
Whitebird  Soft white wheat  ID  1996  M-L 
Yecora Rojo  Hard red wheat  CA  1975  E 
Westbred 936  Hard red wheat  P-WPB  1992  E-M 
Steptoe  Barley  WA  1973  E 
Cayuse  Oat  WA  1966  E 
ICA=  California,  ID=Idaho,  WA=Washington,  P=Private,  WPB=Western  Plant 
Breeders. 
2 E=Early, M=Midseason,  L=Late 24 
Table 2a. Summary of meteorological data for Hyslop Research Farm. 
Month Precipitation  Mean Temp C°C.)  Precipitation  Mean Temp C°C.) 
(mm)  Max.  Min.  Mean  (mm)  Max.  Min.  Mean 
1997  1998 
March  163  12.8  3.7  8.2  170  13.6  3.4  8.5 
April  91  15.4  4.5  10.0  46  16.0  3.7  9.9 
May  56  22.8  8.4  15.6  147  17.1  7.8  12.5 
June  61  22.4  8.8  15.6  25  22.9  9.1  16 
July  10  26.8  11.4  19.1  3  28.7  12.3  20.5 
Aug  32  29.2  12.2  20.7  0  29.1  11.2  20.2 
Sept  86  76.3  51.0  63.7  22  27.1  9.6  8.4 
Table 2b. Dates of planting for 1997 and 1998 experiments described in the text. 
1  2  3  4 
26 March  18 April  6 May  16 May 
16 April  5 May  2 June  12 June 25 
Plot sizes were 7.6m by l.5m (25 ft x 5 ft). Seeds were sown using a six-row Hege 
plot drill with inter-row spacing of 20.3cm. A total of 100kglha of N was applied in 
a split application: 20 kglha as  15-15-15 at planting and a top dress at the 2-leaf 
stage at a rate of 80kglha as urea. 
Sampling began when seedlings were at about the second leaf stage and 
continued until the flag leaf was fully emerged. However, only data collected when 
accumulated temperatures were less than 600 GDD were used. Thus, ensuring that 
all plants were in the vegetative stage and had not yet flowered. Plants were 
destructively sampled with samples taken from the four inner rows of each plot. On 
each sampling date, ten plants per variety per replicate were taken i. e. 40 plants per 
cultivar per planting date. The number of emerged leaves was counted on the main 
shoots. A leaf was defined as having emerged when the tip of the lamina was 
visible above the uppermost auricles of the subtending leaf. The number of leaves 
on the main shoot was found by counting the number of emerged leaves minus the 
youngest leaf. The lengths of the youngest and subtending leaves were taken and 
the ratio of these lengths was recorded. This fraction was added to the total number 
of leaves to give the Haun stage of the culm of a plant at any sampling date (Haun, 
1973). Tiller counts were also carried out and thermal time was calculated using the 
following formula: 
GDD (OC)=(daily maximum air temp + daily minimum air temp / 2) - base temp of 
o  dc. Thus, on any sampling day, the total heat units to which a plant had been 
exposed, was calculated as the total of daily GDD from planting to the sampling 26 
day. Temperature readings were recorded by a weather station located on Hyslop 
Farm. Usual crop management procedures were used to control weeds and diseases. 
These included treating seeds with Gaucho insecticide (Imidacloprid) at 1.2g/l  OOOg 
seed and Vitavax 200 (Carboxin-Thiram) at 4.5g/l000g seed. Weeds were 
controlled using a combination of Buctril (Bromoxynil) at 0.28 kg ai/ha (0.25 lb. Ai 
1  A) and Harmony Extra (Thifensulfuron + Tribenuron) at 0.03kg/ha (3/8 oz product 
per acre) at the 3-leaf stage. A single application of Tilt (Propiconazole) at a rate of 
0.28kg/ha (4 oz. IA) was used to control fungal diseases at flag leaf emergence. 
3.2  Agronomy study 
A second study was conducted with the phenological study for the purpose 
of collecting yield data. This was necessary, as yield data could not be collected 
from the first study because of the destructive sampling that was done. Seeding 
dates, management practices and experimental designs for the two studies were 
identical and both were conducted simultaneously on the same piece of land. The 
only difference was the use of three instead of four replications and five cereal 
grain cultivars for the agronomy study. The five cultivars were, Penawawa, 
Treasure, Westbred936, Cayuse and Steptoe. 
Data taken at maturity included height, percent grain moisture, seed yield, 
dry weight, 1000 kernel weight, test weight and grain protein. Harvest index was 
also calculated in 1998.  Analyses of four of the parameters - grain yield, 1000KW 
and test weight and harvest index are reported in this paper. 3.3  Statistical analysis 
Data from both the phenology and agronomy studies were analyzed using 
SAS (SAS, 1993). Data from the 1997 trial were analyzed as a split block (strip 
plot) design and that from the 1998 study was a spilt plot design. Analysis of 
variance using the general linear model procedure (proc GLM) was performed on 
the mean number of leaves per plant, mean number of tillers, total above dry 
matter, grain yield, 1000KW and test weight and harvest index. Means were 
separated using the least significance difference (LSD) method at  ex. =  0.05. 
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In both years, rates of leaf appearance were estimated by regressing mean 
leaf number against GDD. Rates are given by slope of regression lines.  The 
regression analyses were done by first fitting linear and quadratic models on each 
combination of replication, planting date and cultivar. A number of model selection 
tests and techniques were employed in selecting the model that best described most 
of the datasets. One of these tests involved the use of p values.  For this test, a 
quadratic term was added to a linear model and based on the test of whether the 
coefficient of the quadratic term is zero, the straight -line model was either 
accepted or rejected. The value of R2 was also taken into consideration. Variable 
selection techniques, e.g. forward, backward, stepwise and CP were used to 
confirm decision. The extra - sum of squares F tests were also employed. Split 
block or split plot analyses were then done (depending on the year) on the 
regression coefficients to find the effects of planting date and cultivar on rate of 
leaf emergence or rate of dry matter production. The analyses also tested the 28 
presence of interaction effects between planting date and cultivar factors. In some 
instances, regression lines were compared (slope comparisons) with the aim of 
comparing rate of leaf emergence among planting dates for each cultivar. Analyses 
were done separately for each year and later a combined year rate analysis was 
conducted. Finally, contrasts statements were set up to compare leaf emergence 
rates between the cultivar groupings, i.e. wheat versus barley, wheat versus oats, 
barley versus oats. 
The rates of dry matter accumulation were found by regressing total dry 
matter on GDD. Second order models were found to be the best fits for most of 
these datasets. Thus, to find rate of dry matter accumulation at specific times 
(GDD), the first derivative of each quadratic regression function was evaluated at 
the specified times. Then the appropriate split block or split plot analysis was made 
on the rates. 29 
4. RESULTS AND DISCUSSION 
4.1 Phenological study 
4.1.1  Effect of planting date on number of leaves, tillers and dry weight 
The phenological study covers the growth period from the second leaf stage 
to approximately GDD ~  600 in both years. Analysis of the 1997 data showed 
minor cultivar x planting date interactions for leaf number, number of tillers and 
dry matter. However, the effects of these interactions were small and were about 35 
times less than the main factor effects. Besides the huge difference in magnitude of 
significance levels, interactions were also known to be caused by non-random 
factors such as poor seedbed, drought etc on the second planting date in this year. 
The results of only the main factor effects will thus be discussed. 
Highly significant  (p < 0.0001) planting date effects on leaf production 
were observed in the first year of study. Plants sown on date four produced the 
greatest number of leaves, while the date three plants had the least. Difference in 
number of leaves produced in sowing two and planting four were not significantly 
different (Table 3a). Similarly, leaf production in planting one and three showed no 
significant differences. 
Variation due to planting date was highly significant for tiller and dry matter 
production. The highest number of tillers was produced in sowing four and the 
lowest production occurred on the second planting date (Table 3b). Dry matter 30 
production followed the same trend as tiller production with the highest amount of 
dry matter produced in planting four and the least in sowing two. Dry matter 
production in planting four was 158% greater than that produced on the second 
planting (Table 3c). 
Analysis of variance of leaf number for the 1998 growing season showed a 
highly significant effect of cultivar on number of leaves produced but differences 
among planting dates (Table 3a) were not significant. Both planting date and 
cultivar had significant effects on tiller and dry matter production in this year. 
Interaction between these factors was not significant. Number of tillers was highest 
for planting three, with planting one being next highest. However, difference in dry 
matter production between plantings one and three were not significantly different. 
The least number of tillers and subsequently lowest dry matter production  was 
observed in sowing four (Tables 3b and c). 
Climatic and soil factors had significant influence on all three parameters 
measured in the first year of study. Figure la shows the graphical depiction of 
weather pattern for 1997 from time of planting to harvesting. Appendix 3 gives the 
numerical data used to plot the graphs. More rain fell on the first planting date than 
on the other dates, with a record 27mm of rain falling on the 20th April, a day 
before the first sampling was done. However, the highest number of leaves was not 
produced in sowing one but in sowing four because some of the lowest 
temperatures in that year occurred during the duration of sampling for the date one 
plants (Fig.la). Wet soil coupled with cooler temperatures might have impeded 31 
growth and development of plants on this date. Plants in planting four, however, 
received significant rains (15 -19mm) 13 -16 days after planting (May 29 - June 1), 
so moisture was not limiting. Temperatures also were high (about 5 °C higher on 
the average than those for date one but not to the extreme, so plants had excellent 
conditions for growth. The optimum temperature for cereals is between 23-25 0c. 
Table 3a. Number of leaves on the main shoot of cereal grain plants sown over four 
planting dates in 1997 and 1998. Values represent mean number of leaves per plant 
averaged at GDD ~  600 over eight cultivars. 
Planting date 
1997 
4 (16 May) 
2 (18 April) 
1 (26 March) 
3 (6 May) 





(p < 0.0001) 
1998 
3 (2 June) 
4 (12 June) 
2 (5 May) 
I (16 April) 





tMeans within columns not followed by the same letters are significantly different 
(a=0.05). 32 
Table 3b. Number of tillers produced by cereal grain plants sown on four different 
planting dates in 1997 and 1998. Values represent number of tillers per plant 





















tMeans within columns not followed by the same letters are significantly different 
(a=0.05). 
Table 3c. Effect of planting date on dry matter production in cereal grain cultivars. 
Values represent total (above ground biomass) dry weights of 10 plants averaged 












Dry weight (g) 








tMeans within columns not followed by the same letters are significantly different 
(a=0.05). 33 
Tiller and dry matter production of plants sown on date two in the first year 
of the study (1997) were severely affected by weather problems. In an attempt to 
plant on a 200 GDD interval, soil preparation for date two seeding was done while 
the soil was too wet. An extremely cloddy seedbed resulted. Stands were reduced 
and root development was poor. In addition, little rain fell from first sampling of 
date two plants to the last sampling day (Fig. 1  a). Average temperatures were high 
and some of the highest temperatures for the growing season occurred during date 
two sampling period. As might be expected, these unfavorable conditions did not 
affect leaf number but rather tiller and dry matter production. These observations 
are similar to those reported by Rickman et al. (1983) who found tiller production 
to respond more strongly to weather and soil difference than did leaf emergence. 
Poor seed bed conditions, e.g. dry or crusted soil, heavy residue cover or some 
other management problems have been reported to be the cause of low percentage 
tiller formation or failure of tillers to emerge  (Klepper et aI.,  1982; Rickman et aI., 
1983). 
The 1998 growing season was marked by different weather conditions (Fig 
1  b, Appendix 4). Over 25mm rain fell on the 21 st of May, breaking a 1939 record. 
The rest of the growing season was marked with either no rain or intermittent 
rainfall. Temperatures were also higher in  1998 than in 1997 except in May. 
Temperatures were very important in determining plant development. High daily 
mean temperatures accompanied by dry periods in the fourth seeding date resulted 
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Fig. 1  a Daily Temperature, Precipitation and Photoperiod for Hyslop 
Research Farm Corvallis, Oregon in 1997. Temperatures shown are the 
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or abortion, which in tum led to low total dry weight. On the other hand, cooler 
temperatures on date two seemed also to have affected both tiller and dry matter 
production (Tables 3b and c; Fig. 1  b).  Surprisingly, even though total precipitation 
during date three (Fig. 1  b; 153 -188 days) was significantly lower than in earlier 
planting dates, tiller production for this date was significantly higher than for the 
other dates. Dry matter production was also second highest and was comparable to 
production on the first sowing date (Tables 3b and c). A closer look at Fig. 1  b 
however, shows that temperatures during this period were moderate.  Moderate 
temperature conditions may have slowed rate of evapotranspiration, thus putting 
the plants under less moisture stress. Higher incident solar radiation may also have 
enhanced rate of photosynthesis and thus increased growth. 
In both years growth seem to be affected more by temperature than by other 
environmental factors e.g. precipitation. For example, even when moisture is 
adequate (as was in planting date one of 1997 and date two of 1998), but 
temperatures are low, tiller and dry matter production is impeded. Likewise, tiller 
and dry matter production for date three plants in  1998, were high even though 
precipitation was low. Cooler temperature conditions during this period may have 
slowed rate of evapotranspiration. 30  16 
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4.1.2  Cultivar effects on number of leaves, tiller and dry matter 
Highly significant variation among the cultivars (p < 0.0001) in leaf, tiller 
and dry matter production was observed during the first year.  Main stem leaf 
number averaged across planting dates ranged from a high of 4.4 for Yecora Rojo 
to a low of 3.6 for Cayuse (Table 4a). General emergence observations made 
showed Cayuse to emerge later than the other cultivars, though no formal records 
were taken for this observation. This lateness in emergence could have been the 
reason for low leaf number. Alpowa had the highest number of tillers per plant and 
Steptoe the least (Table 4b). Differences in dry matter production among cultivars 
ranged from a high of 2.54g per ten plants for Steptoe to a low of 1.39g for 
Alpowa. The dry weight of Cayuse was comparable to that of Penawawa and 
Whitebird, which in turn did not differ significantly from Alpowa (Table 4c). 
In the second year of study, a planting date x cultivar interaction was 
observed for leaf production but it was minor compared to the cultivar main factor 
effect. Cultivar main factor effect was thirty-five times greater than that of the 
interaction. Yecora Rojo plants produced 4.7 leaves on the main stem, while 
Cayuse, which produced the least number of leaves, had 3.8. The trend for tiller 
production in this season was similar to that of the previous year even though tiller 
number was less than half that observed in the previous year (Table 4b). Results for 
both years shows Alpowa to have clear superiority in tiller production. Alpowa 
plants had 70 % more tillers than Steptoe in 1997 and 700% more tillers than 
Westbred936 in 1998. As in the previous year, dry weight for Steptoe plants was 38 
significantly greater than for the other cultivars as a result of large leaf area and 
larger shoots. It was observed during plant evaluation stage that Steptoe plants had 
larger leaf areas and shoots but formal leaf area readings were not taken. It is 
interesting to note that in these two very different years, the early maturing 
cultivars, i.e. Steptoe, Westbred936 and Yecora Rojo had the highest dry matter, 
while at the same time Steptoe and Westbred936 had only moderate or low tiller 
numbers. This suggests that these cultivars allocate resources to the main stem at 
the expense of tiller production and / or enhancement. 
Table 4a. Leaf production by eight spring cultivars in the 1997 and 1998 growing 
seasons. Values represent leaves per plant averaged across four planting dates. 
Cultivar  No. of leaves 
1997 
Yecora Rojo  4.4 a t 
Westbred936  4.3 b 
Whitebird  4.2 c 
Steptoe  4.1  c 
Penawawa  4.1  c 
Alpowa  4.0 d 
Treasure  4.0 d 
Cayuse  3.6 e 
1998 
Yecora Rojo  4.7 a 
Whitebird  4.5 b 
Westbred936  4.5 b 
Penawawa  4.4 c 
Steptoe  4.3 d 
Alpowa  4.2 d 
Treasure  4.2 d 
Cayuse  3.8 e 
tMeans within columns not followed by the same letters are significantly different. 
(a=0.05). Table 4b. Number of tillers produced by eight cereal grain plants in the 1997 and 
1998 growing seasons. Values represent tillers per plant averaged across four 
planting dates. 
Cultivar  Number of Tillers 
1997 
Alpowa  1.7 a 
Penawawa  1.4 b 
Yecora Raja  1.4 b 
Treasure  1.4 b 
Cayuse  1.1c 
Westbred936  1.1c 
Whitebird  1.1c 
Steptoe  1.0 d 
1998 
Alpowa  0.8 a 
Penawawa  0.4 b 
Yecora Raja  0.4 bc 
Treasure  0.3 bc 
Cayuse  0.3 cd 
Whitebird  0.2 de 
Steptoe  0.2 e 
Westbred936  0.1 e 
39 
tMeans within columns not followed by tL:  ~:~me letters are significantly different 
(a=0.05). 
Table 4c. Cultivar effects on dry matter production. Values are for ten plants 
averaged across four panting dates. 
Cultivar  Dry weight (g) 
1997 
Steptoe  2.54 a t 
Westbred936  2.32 b 
Yecora Raja  2.12 c 
Treasure  1.79 d 
Cayuse  1.56 e 
Penawawa  1.51 ef 
Whitebird  1.45 ef 



















tMeans within columns not followed by the same letters are significantly different 
(a=0.05). 
4.1.3  Rate of Leaf Emergence 
When first and second order models were fitted to the 1997 datasets and 
model checking performed, the first order model was found to be the best fit for the 
datasets with a few exceptions. Thus, number of leaves on the main cereal plant 
stem was found to fit a linear function of thermal time, indicating that thermal time 
provided the best estimate of leaf emergence rates in all the cereal species (Figs 2a-
d) as many others have found (Gallagher, 1979; Baker et al.  1980; Gan and Stobbe, 
1996) among others.  Deviations from linearity were observed in some of the 
datasets but these were not pronounced in most cases. Alpowa was the cultivar for 
which a consistent deviation from linearity was observed in rate of leaf appearance 
for the first three sowing dates. For Treasure, Whitebird and Yecora Roja, rate of 
leaf appearance on the first planting date showed some deviation from linearity while for Penawawa, nonlinearity was observed on the first and second dates and 
for Westbred on the fourth planting date. Deviations were small in all cases. 
41 
Rate of leaf appearance was also generally a linear function of thermal time 
in the second year of planting (1998), again with a few exceptions (Figs. 3a-d). The 
major exception was Yecora Rojo, the daylength insensitive wheat cultivar, which 
showed a consistent departure from linearity for the second, third and fourth 
planting dates. Rates on these dates better fit a quadratic polynomial. Westbred936 
and Steptoe also showed some departures in the last two plantings (Figs.3c and d-
viii). Results obtained for Treasure (Fig. 3a-ii) were somewhat unusual. Rate of leaf 
appearance for the first and second planting dates were highly linear, but on the 
third planting date (2 June), a deviation from linearity was observed. However, rate 
of leaf emergence on the fourth date was once again highly linear. 
A number of studies have reported linear relationships between leaf number 
and accumulated growing degree-days for both spring and winter cereals. Our 
results are consistent with those obtained by these researchers (Gallagher, 1979; 
Baker et al.  1980; Kirby et al.  1982; Hay and Kemp, 1990, and Gan and Stobbe, 
1996). A few studies, however, have reported the occurrence of non-linear 
relationships. Cao and Moss (1991) observed a departure from linearity at 600 
GDD, which was about the time of double ridge formation in some of their plant 
material. In the first year of our study (1997), these minor departures were found in 
the first plantings of many of the cultivars (Figs 2a, band 2c (vi). A careful 
examination of these slopes shows slight decreases in slope occurring between the Figs. 2a-d. The number of leaves on main stem (Y) versus accumulated degree-
days from sowing (X) for six wheats (Figs. 2a, b and c), an oat and a barley (Fig. 
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last two sampling dates. This observation is interesting because temperature data 
(Fig. 1  a, Appendix 3) show that just before and during the time of last sampling, 
(13 May) a huge rise in temperature occurred. The mean daily temperatures at this 
time were among some of the highest that year. Such dramatic change could cause 
rate of leaf appearance to fluctuate about an otherwise linear function. Increasing 
temperatures are usually accompanied by increasing rates of leaf appearance. 
However, at a certain limit, increases in temperature results in decreasing rate, as 
more thermal energy is needed to produce a leaf resulting in decreased thermal 
efficiency (leaves per degree-day). High temperatures with moisture stress can also 
lead to decreased physiological efficiency  (Cao, 1989). 
Double ridge formation or floral initiation is an important physiological 
development in the growth of cereal plants and as already mentioned, some 
researchers have noticed departures from linearity occurring at this time. It is thus 
possible that the changes observed in 1997 were a result of some physiological 
changes going on in the plants. Seeding dates occurred later in  1998 than in 1997, 
with the last two plantings in  1998 being done in June. Plant growth for these 
seedings therefore, occurred under greater heat, less moisture availability and 
declining photoperiod (Fig.  I b). These environmental stresses could have caused 
the deviations from linearity observed in Steptoe, Westbred 936 and Yecora Rojo 
in the latter dates (Figs.3c and 3d-viii). Yecora and Westbred are both derived from 
the International Maize and Wheat Improvement Center (CIMMYT) germplasm 
and may thus explain their similarity in performance. 48 
Figs. 3a-d. The number of leaves on the main stem (Y) versus accumulated degree-
days from sowing (X) for six wheats (Figs. 3a, b and c), an oat and a barley (Fig. 
3d) over four 1998 planting dates. The lines were fitted by linear regression. S 
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4.1.4  Comparison of leaf emergence rates 
Highly significant main factor effects on leaf emergence rates were 
observed in 1997. No cultivar x planting date interaction was observed for this 
year. These results confirm those of Baker et aI. (1980), Kirby et aI. (1982, 1985) 
and Cao, (1989) who found rate of leaf emergence to change with sowing date and 
cultivar (Kirby et aI.,  1985). On average, rates of leaf appearance for the third and 
fourth planting dates were the fastest while rate for the first planting date was the 
slowest  (Table 5a). In fact, rate of leaf appearance was 23% faster on the third 
sowing date compared to the first.  Among the cultivars, Westbred936 and Yecora 
Rojo, both hard red spring wheats, had the highest rates, while Treasure, a soft 
white spring wheat had the lowest (Table 5b). 
Analysis of variance of the 1998 experiments showed significant effect of 
sowing date and cultivar on rate of leaf emergence. A highly significant interaction 
between the main factors was also observed (Table 6). Comparison of rates among 
sowing dates for each cultivar revealed no significant differences for Whitebird, 
Penawawa and Westbred936 while other cultivars showed differences (Figs 3a-d, 
Table 6). Results of combined analysis on rates revealed a minor but highly 
significant year x planting date x cultivar interaction (Appendix 5), an indication 
that we had to deal with each year separately. Table 5a.  Rate of leaf emergence (leaves / GDD) as affected by planting date for 












Sowing ~  (p<O.OOOl) 
tMeans within columns in the same year, not followed by the same letters are 
significantly different (a=0.05). 
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Table 5b. Rate of leaf emergence (leaves / GDD) as affected by cultivar for the 




















Cultivar ~  (p<O.OOOl) 
tMeans within columns not followed by the same letters are significantly different 
(a=0.05). Table 6. Leaf emergence rates on the main stem of six wheats, an oat and a barley for four planting dates (1998 growing season). 
Probabilities for cultivar (C), sowing date (S) and cultivar by sowing date (C x S) interaction are also given. 
Planting date  Alpowa  Penawawa  Treasure  Whitebird  Westbred936  Yecora Rojo  Cayuse  Steptoe  Pdate'mean 
1998 
leaf /GDD 
16 April  0.0105bc  0.0122  0.0108ab  0.0132  0.0127  0.0119a  0.0107a  0.0124a  0.0118 
5 May  0.0136a  0.0127  O.0119a  0.0133  0.0118  0.0120a  0.0124a  0.0123a  0.0125 
2 June  0.0123ab  0.0121  O.OlOOb  0.0138  0.0112  0.0106b  0.0114bcd  0.0107b  0.0115 
12 June  0.0103c  0.0124  O.0108ab  0.0124  0.0118  0.0101b  0.0118ac  0.0105b  0.0113 
Cultivar mean  0.0117  0.0124  0.0109  0.0132  0.0119  0.0111  0.0116  0.0115 
C ~  (p =  0.023);  S ~  (p  < 0.0001);  C x S ~  (p  < 0.0001) 
t Means within columns not followed by the same letters are significantly different at the 0.05 probability level. Columns with 
no lettering signify  lack of significant differences. 
, Pdate =  planting date. 
VI 
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4.1.5  Phyllochron 
Phyllochron interval in cereals is defined as the time between the 
appearance of successive leaves on the main stem of the cereal plant. The slope of 
the linear regression between leaf number and accumulated degree-days gives the 
rate of leaf appearance. Phyllochron is the inverse of the slope and has the units of 
°Cd / leaf or ODD / leaf.  The smaller the phyllochron, the faster leaves are 
appearing. Significant differences in slope among planting dates implied that 
phyllochron significantly differed with planting dates. Similarly, a lack of 
significance in slopes among planting dates implies a constant phyllochron across 
planting dates. Table 7 shows the range of phyllochron for each planting date-
cultivar combination during the 1997 and 1998 growing seasons. Although Cao, 
(1989), Kirby et al.(1985) and  Baker et al. (1980) reported decreases in 
phyllochron with later plantings, in our 1997 experiments only four  of the cultivars 
- Cayuse, Penawawa, Treasure and Westbred936 showed a consistent decrease in 
phyllochron from the first to the last planting date. The phyllochron for Alpowa, 
Whitebird, Yecora Rojo and Steptoe declined from first to the third sowing date, 
and then increased on the fourth planting date (Table 7). This was not the case in 
the second year. No cultivars showed a consistent increase or decrease with 
phyllochron (Table 7). It is interesting that in both 1997 and 1998 the phyllochrons 
for Alpowa, Whitebird, Yecora Rojo and Steptoe  increased from the third to the 
fourth planting date. 57 
The differences between our experiments and results of other studies 
mentioned could be due to the kind as well as the number of cultivars, examined, 
and the season in which the studies were conducted. Most other studies use fewer 
cultivars and conduct their studies in the winter. For example, Baker et al. (1980) 
used only one winter cultivar, Cao (1989) used two winter cultivars for his 
phyllochon study, while Kirby et al. (1985) used 7-9 winter varieties per year.  It is 
not surprising that results were more uniform because winter conditions are 
generally more uniform or stable than spring conditions.  Spring conditions, 
especially in the PNW, are more diverse and could thus impact development. 
Frank and Bauer (1995) reported a phyllochron range of 68.8-86.5 GDD / leaf, for 
spring wheats while phyllochron for spring barley cultivars ranged from 72.3-85.3 
GDD / leaf. Bauer et al. (1984) reported a range of 73-81 GDD / leaf for spring 
wheats. Phyllochron for winter cereals are usually higher than for spring cereals. 
We obtained a range of 62-90 GDD / leaf for spring wheat in the first year 
of study and range of 73-100 GDD / leaf in the second year. Phyllochron for 
Steptoe range d from 66-85 GDD / leaf in the first year and 80-95 GDD /leaf in the 
second year (Table 7). Table 7. Phyllochron of six wheats, an oat and a barley on four planting dates during the 1997 and 1998 growing seasons. 
Planting date  Alpowa  Penawawa  Treasure  Whitebird  Westbred936  Yecora Rojo  Cayuse  Steptoe 
GDD /leaf 
1997 
26 March  80  86  90  83  77  82  85  85 
18 April  81  81  86  76  70  68  81  84 
6 May  62  72  74  71  64  64  73  66 
16 May  73  72  72  74  64  68  68  69 
Range  62-81  72-86  72-90  71-83  64-77  64-82  68-85  66-85 
1998 
16 April  95  82  93  76  79  84  93  80 
5 May  74  79  84  75  85  84  81  81 
2 June  82  82  100  73  90  94  87  94 
12 June  97  80  93  81  85  99  85  95 
Range  74-97  79-82  84-100  73-81  79-90  84-99  81-93  80-95 
Vt 
00 4.1.6  Differences in rate of leaf appearance between different grain 
groupings 
Table 8 shows results of contrast comparisons for leaf emergence rates 
59 
between the genotype groupings for 1997 and 1998 seasons. Differences in rate of 
leaf appearance in  1997 between barley and wheat plants were not significant 
except for the second date planting where a significant  (p =  0.02) difference in 
rates was observed. Differences in rates between oat and wheats were also not 
significant except for the 6 May sowing. Rate differences between barley and oat 
followed a similar pattern to that of oat and wheat. 
Analysis of the 1998 data revealed no significant difference in rate of leaf 
appearance between barley and wheat in all four sowings. These results were 
similar to those obtained in the previous year and conflict with results obtained by 
Kirby et al. (1985), who found rate of leaf emergence in barley to be higher than 
that of wheat in their field studies. Leaf appearance rates for the oats did not vary 
significantly from the wheats in all plantings. Apart from the 16 April plantings, 
differences between the barley and oat were also not significant (Table 8). Previous 
field observations had suggested that Cayuse oats developed at a slower rate than 
other grains, but these data suggest that there are no major differences among these 
three grain species in rate of leaf appearance or that differences among wheats are 
as great as those among species. In 1998, dry weight produced by Cayuse was also 
second lowest, which may have given the illusion that growth rate is slower (Table 
4c). Table 8. Contrasts for leaf emergence rates for the different groups of cultivars in 
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First and second order polynomials were fitted to the 1997 and 1998 
datasets for dry weight accumulation. Data generally fit a second order model 
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though there were exceptions. In 1997, rates of dry matter (DM) production for the 
18 April (planting 2) planting for five of the cultivars (Cayuse, Penawawa, Steptoe, 
Treasure and Westbred936) were found to follow a linear rather than a quadratic 
trend (Figs. 4a-d). Rate of dry matter accumulation on this date were also slowest 
for all cultivars. These observations reflect problems encountered in field 
preparation on the second date, which severely affected dry matter and tillering. On 
the third planting date (6 May), Penawawa showed a nearly linear response [Figs. 
4b (iii) ]; however, the most pronounced deviation was found in the 16 May 
(planting 4) plantings of Whitebird where rates followed a highly linear 
relationship [Fig. 4a (ii)]. Dry matter levels on samplings 1,2 and 4 for the 4th 
seeding of Whitebird would define a second order model but the third sampling had 
dry matter levels significantly higher than expected. 
In the 1998 growing season, deviations from a quadratic polynomial were 
observed in the third and fourth (2 and 16 June) plantings. Penawawa, Steptoe and 62 
Yecora Rojo showed slight tendencies towards linearity on the third planting date 
while in the fourth sowing all cultivars except Penawawa exhibited this tendency. 
These deviations, though slight for the other cultivars, were pronounced for 
Whitebird on the 4th planting date (Figs. 5a-d).  A similar observation was noted for 
plants of Whitebird on the 4th date in 1997. The limiting moisture and high 
temperatures that characterized planting four in 1998 and which resulted in very 
low dry matter production  (Fig 1  b, Table 3c) could have been responsible for these 
deviations. The curves obtained in both years are very typical of dry matter 
accumulation for most crops where an accelerated accumulation occurs as plant 
stem and reproductive tissues are produced. 63 
Figs. 4a-d. Dry weight (Y) versus accumulated degree-days from sowing (X) for 
six wheats (Figs. 4a, b and c), an oat and a barley (Fig. 4d) over four 1997 planting 
dates. Dry weight values given are for ten plants averaged over four replications. 
Curves were fitted by quadratic regression. r--.. 
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4.1.8  Effect of cultivar and planting date on rate of dry matter production 
In both years, rates of dry matter (DM) production at five selected thennal 
times, GDD 300, 350, 400, 450 and 500 were found by differentiation of equations 
for the curves. These values were then analyzed to assess the effects of planting 
date and cultivar on rates. In both years, rate of dry matter production increased 
with increasing growing degree-days (increasing temperature) and as plants 
matured. Rates for the 1997 growing season were higher than for 1998 (Table 9). 
Generally, plants produced dry matter at low rates at the early stages of growth and 
increased sharply as it got wanner and plants matured (Figs. 4 and 5).  In their 
study, Peterson and Schrader (1974) found a clear superiority in leaf dry matter 
production of 'Froker' oats over 'Portal' and 'Jaycee' oats at wanner temperatures. 
Increasing temperatures on the other hand, caused decreases in rates of leaf dry 
matter production for 'Portal' and 'Jaycee'. This implied that rate was cultivar-
sensitive. 
No planting date x cultivar interaction was observed at the 300 GDD level 
in  1997. Main factor effects of planting date and cultivar were however highly 
significant. At GDD 350-500, interactions were observed but these were very small 
in magnitude compared to the main factor effects, which were highly significant. It 
is interesting that dry matter accumulation rates followed the same trend at all five 
thermal times for this year, i.e. rate on the fourth date was the highest, followed by 
the date one, then date three and finally date two. Difference in rates between the 
date four and date one plantings were not significant. The rate of dry matter 74 
accumulation on the fourth date was usually a 50% increase over rate on the second 
date (Table 10). Among the cultivars, barley plants had the highest rates. However, 
high rates were also observed in the two hard red wheats, Westbred936 and Yecora 
Rojo. Rate of dry matter production in barley was found to be significantly 
different than the oats (Table 11). Thus, though rate of leaf production between 
these two cultivars were generally found not to be significant (Table 8), dry matter 
production was. The field observation that barley matures more quickly than oat 
may be a reflection of difference in dry matter accumulation. 
Table 9. Rate of dry matter production of spring cereals at five different thermal 
times. Rates are those of ten plants averaged over four planting dates and eight 
cultivars and are given as grams per growing degree-days (g / ODD). 
Year  300  350  400  450  500 
0.0067  0.0105  0.0142  0.0180  0.0217 
0.0018  0.0058  0.0099  0.0140  0.0180 Table 10. Rate of dry matter production at four growing degree-day (GDD) levels 
for four different planting dates in  1997. 
Planting date  Rate of dry matter production 
(g/GDD) 
GDD300 
4 (16 May)  0.0086 a t 
1 (26 March)  0.0085 a 
3 (6 May)  0.0057 b 
2  (18 April)  0.0040 b 
GDD3S0 
4  0.0131 a 
1  0.0128 a 
3  0.0105 b 
2  0.0054 c 
GDD400 
4  0.0176 a 
1  0.0171 a 
3  0.0153 b 
2  0.0068 c 
GDD4S0 
4  0.0221 a 
1  0.0214 a 
3  0.0202 a 
2  0.0082 b 
GDDSOO 
4  0.0266 a 
I  0.0258 a 
3  0.0250 a 
2  0.0096 b 
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t Means within columns not followed by the same letters are significantly different 
at the 0.05 probability level. Table 11. Rate of dry matter production of eight cereal grain cultivars at four 
growing degree-day (GDD) levels in 1997. Rates values were averaged over four 
planting dates. 
Cultivar  Rate of dry matter accumulation (g / GDD) 
GDD300 
Steptoe  0.0093 at 
Yecora Rojo  0.0077 b 
Treasure  0.0071 bc 
Whitebird  0.0065 bcd 
Westbred936  0.0065 bcd 
Penawawa  0.0062 cde 
Alpowa  0.0052 de 
Cayuse  0.0050 e 
GDD350 
Steptoe  0.0146 a 
Westbred936  0.0125 b 
Yecora Rojo  0.0119 b 
Treasure  0.0102 c 
Cayuse  0.0091 cd 
Whitebird  0.0088 de 
Penawawa  0.0085 de 
Alpowa  0.0080 e 
GDD400 
Steptoe  0.0198 a 
Westbred936  0.0186 a 
Yecora Rojo  0.0162 b 
Treasure  0.0133 c 
Cayuse  0.0133 c 
Whitebird  0.0110 d 
Penawawa  0.0108 d 
Alpowa  0.0107 d 
GDD450 
Steptoe  0.0251 a 
Westbred936  0.0247 a 
Yecora Rojo  0.0204 b 
Cayuse  0.0175 c 
Treasure  0.0165 c 
Alpowa  0.0134 d 
Whitebird  0.0132 d 
Penawawa  0.0131 d 



















t Means within columns not followed by the same letters are significantly different 
at the 0.05 probability level. 
In 1998, significant variations among planting dates for dry matter rates 
were observed. Rate of dry matter production responded strongly to date of sowing 
and also to cultivar in  1998. Cultivar effects were also significant, with no 
interactions between the two main factors. This indicated that differences in rates of 
dry matter production of cultivars were the same at all planting dates.  At GDD 300 
and 350, rate on the third sowing date was significantly higher than at the other 
dates (Table 12). However, at GDD 400,450 and 500 GDD rates were highest for 
the first planting and decreased with later sowing. On average rate of dry matter 
production on the fourth planting date was found to be slowest. Plants sown on this 
date produced dry matter at rates that were about half the rate on the fastest date. 
When averaged across planting dates, rate of dry matter production for 
Steptoe was significantly faster than any of the cultivars at GDD 350-500.  Rates 
for this cultivar were usually twice that of the slowest cultivar (Table 13). The 
higher rate response was due to the production of larger leaves and shoot observed 78 
during informal plant evaluation. Yecora Rojo and Westbred936 followed in 
sequence, with Whitebird generally exhibiting the slowest rate. Differences among 
cultivars at 300 GDD were not statistically significant. 
Table 12. Rate of dry matter production at four growing degree-day (GDD) levels 
for four different planting dates in 1998. 
Planting date 
GDD300 
3 (2 June) 
2 (5 May) 
4 (12 June) 
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t  Means within coloums not followed by the same letters are 
significantly different at the 0.05 probability level. Table 13. Rate of dry matter production of eight cereal grain cultivars at four 
growing degree-day (GDD) levels in 1998. Rates values were averaged over four 
planting dates. 
Cultivar  Rate of dry matter accumulation (g / GDD) 
GDD350 
Steptoe  0.0084 a t 
Yecora Rojo  0.0069 b 
Westbred936  0.0066 b 
Treasure  0.0054 c 
Penawawa  0.0050 c 
Cayuse  0.0049 c 
Whitebird  0.0048 c 
Alpowa  0.0046 c 
GDD400 
Steptoe  0.0138 a 
Yecora Rojo  0.0116 b 
Westbred936  0.0113 b 
Cayuse  0.0091 c 
Alpowa  0.0087 cd 
Treasure  0.0086 cd 
Penawawa  0.0086 cd 
Whitebird  0.0075 d 
GDD4S0 
Steptoe  0.0192 a 
Yecora Rojo  0.0163 b 
Westbred936  0.0161 b 
Cayuse  0.0132 c 
Alpowa  0.0127 c 
Penawawa  0.0122 cd 
Treasure  0.0119 cd 
Whitebird  0.0102 d 
GDDSOO 
Steptoe  0.0246 a 
Yecora Rojo  0.0210 b 
Westbred936  0.0208 bc 
Cayuse  0.0174 dc 
Alpowa  0.0168 d 
Penawawa  0.0157 de 
Treasure  0.0151 de 
Whitebird  0.0129 e 
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t Means within columns not followed by the same letters are significantly different 
at the 0.05 probability level. 4.2 Agronomy study 
Five cultivars e.g. Penawawa, Treasure (soft white wheats), Westbred936 
(hard red wheat), Cayuse (oat) and Steptoe (barley) were used in this study. In 
80 
1997, a highly significant variation among sowing dates  (Table 14a) and also 
among cultivars (Table 14b) was observed for grain yield. Interaction between the 
main factors was not significant. Among the planting dates, yields ranged from a 
low of 4245 kg/ha for date two to a high of 5604 kg / ha for sowing one. Thus, a 
32% increase in yield was measured on date one compared to date two. Grain yield 
for planting one was significantly higher than the other dates. Difference in yields 
between date three and four were not significantly different. Similarly, date two and 
date four yields were comparable (Table 14a). Among the cultivars Treasure had 
the highest yields but yields for Treasure did not differ from those for Penawawa 
and Steptoe. Cayuse gave the lowest yields. 
Highly significant main factor variation was observed for test weight, with 
main factor effects being about forty-seven times greater than interaction effects. 
Test weights decreased with later plantings (Table ISa). Among the cultivars, 
Westbred936 had the highest test weight, which is 71 % greater than for Cayuse, 
which was the lowest (Table ISb). Even though variations due to planting and 
cultivar for test weight were highly significant, the cultivar effects were much 
greater. The mean square for cultivar was 2765 whilst that for planting date was 72, 
suggesting that the genetic make-up of the cultivars had a larger effect on test 
weight than environment (planting date) in this year. Table 14a. Influence of planting date on grain yields in 1997 and 1998. Values 
were averaged over five cultivars. 
Planting date 
1997 
1 (26 March) 
3 (6 May) 
4 (16 May) 
2 (18 April) 
1998 
1 (16 April) 
2 (5 May) 
3 (2 June) 
4 (12 June) 
Grain yield (kg / ha) 







535  c 
tMeans within columns in the same year not followed by the same letters are 
significantly different (a=0.05). 
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tMeans within columns not followed by the same letters are significantly different 
(a=0.05). 82 
Table ISa. Test weight (kglhl) as affected by planting date. Values given represent 
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t  Means within columns not followed by the same letters are  significantly different 
at the O.OS probability level. 
Table ISb. Test weight (kglhl) of five cereal grain cultivars for 1997-1998. Values 
were averaged across four planting dates. 
Cultivar  Test weight (kglhl) 
1997 
Westbred936  81.9 a t 
Penawawa  81.3 a 
Treasure  79.6 b 
Steptoe  61.S c 
Cayuse  47.9 d 
1998 
Westbred936  82.3 a 
Penawawa  81.1b 
Treasure  79.8 c 
Steptoe  62.7 d 
Cayuse  SO.2e 
tMeans within columns not followed by the same letters are significantly different. 
(a=O.OS). 83 
This was not surprising as comparisons are made between species, which differ 
significantly in test weight. A significant planting date by cultivar interaction was 
present for thousand-kernel (1000KW) weight. The interaction resulted from 
Treasure having almost the same kernel weights on the second and third dates. 
Similarly, kernel weights for Westbred936 and Cayuse on planting date three were 
identical to that for planting date four (Fig. 6) 
The high yields observed for planting one were most likely a result of 
longer crop growing cycle. The cycle covered a period of 129 days (from sowing 
date on 26 March to harvesting on 1 August). The growth cycle for date two plants 
was 111 days (18 April- 6 August), date three was 101  days (6 May- 14 August) 
and 102 days for date four (16 May-25 August).  Planting date one plants were 
likely able to better make use of available resources. The two yield components 
measured were highest for date one, which would equate to high grain yields. Both 
1000KW and test weight were higher for date three than for date four, though 
yields were not significantly different. The lengths of the crop cycle for these two 
plantings were identical. Westbred936 though having the highest test and kernel 
weights, as well as ranking high in the vegetative characteristics (except for number 
of tillers), had grain yields among the lowest. This could probably be due to low 
number of kernels per unit area since it had the least number of tillers. 
In 1998, analyses on grain yields and harvest index were done for all four 
dates. Due to a large number of missing values for planting date four for test weight 
and 1000KW, the least square analyses for these traits for date four could not be 84 
estimated. Grain quality for date four was so poor that when samples were cleaned 
after harvest, the seeds were so small or light that they were blown out of the Pelz 
rubber cleaner which had been set at uniform setting for cleaning samples. Thus, 
kernel and test weights could not be determined. The analysis was run using only 
the first three dates to evaluate these two components.  No significant planting date 
x cultivar interaction was observed for grain yields. As in 1997, the interaction 
effect for test weight was very small in magnitude compared to the main factor 
effects. Thus, the main factor means are presented. Moreover, as in 1997, the 
genetic make-up of cultivars had a larger effect on test weight than planting date. A 
highly significant planting date x cultivar interaction was observed for lOOOKW. 
Grain yields declined with sowing dates. As the weather got warmer, yields 
dropped (Table 14a). These results confirm those of other researchers who reported 
reductions in yields with successive delays in planting (Good and Lafever, 1991; 
Fisher and Kohn, 1966), regardless of heat accumulation. Among the cultivars, 
Steptoe and Treasure had the highest yields. Grain yields on the fourth planting 
were significantly lower than the yields on the other dates. As already indicated, 
high daily mean temperatures accompanied by dry spells resulted in poor stands, 
which eventually resulted in low yields. Yields of Westbred936 were the lowest 
(Table 14b). Grain yields of Cayuse were surprisingly better than in the previous 
year even though both 1000KW and test weights were low as was harvest index 
(Fig. 7,Tables 15b, andI6a). Yields of grain in 1998 were lower than those for 
1997, indicative of the more favorable growing conditions in 1997. Variations due 85 
to planting dates and among cultivars for test weights were highly significant. The 
trend among cultivars was similar to that observed in the previous year (Table ISb). 
An interaction between the two main factors was observed for 1000KW. Thousand 
kernel weight data were very erratic in comparison to 1997. Unlike the other 
cultivars, Westbred936 and Steptoe had higher kernel weights in the second sowing 
than for the first (Fig7). Cayuse showed widely divergent kernel weights with later 
planting, being 10g per 1000g less than the first. Cayuse grain was nearly all hull 
for the later planting dates. -.. 
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tMeans within columns not followed by the same letters are significantly different. 
(a=O.05). 













tMeans within columns not followed by the same letters are significantly different. 
(a=O.05). 89 
6.  SUMMARY AND CONCLUSIONS 
Cereal grain cultivars grown in the Pacific Northwest have traditionally 
been winter types. However, changes in the federal farm program, increased 
incidence of diseases and herbicide-resistant weeds as well as changes in rainfall 
quantity and pattern have led to increased interest in spring grains. Complicating 
the situation even further is the diversity among cereal grains and planting dates. 
Whereas much of the winter grains grown are soft white wheats, the spring acreage 
is divided among soft and hard wheats as well as oats and barley. Moreover, 
whereas winter grains are planted over a two-month period, spring grains are 
planted over a four-month period and are thus subjected to an array of diverse 
conditions. Unfortunately, little research has been done on spring crops in this 
region since they have traditionally been treated as minor crops. 
The objectives of this study were to a) assess the impact of seeding date on 
the growth and development of spring grains and to b) determine the differences or 
extent of differences among these genetically diverse grains. To achieve these 
goals, two studies were conducted, one focusing on the vegetative and the other on 
reproductive development. These studies were done simultaneously on the same 
piece of land over a 2-yr period (1997-1998). In the first study (phenological 
study), eight cultivars were used - soft white and hard red wheats, a barley and an 
oat. There were four planting dates and also four replications. In the second study (agronomy trials), five cultivars, three replications and four planting dates were 
used. The main factors in both studies were planting date and cultivar. 
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For the first study, number of leaves and tillers per plant as well as total 
above ground dry weight of ten plants were collected. In each year, analysis of 
variance for all the traits was carried out to assess the significance of planting date 
(environment) as well as assessing significances of genotypic differences for each 
of the parameters measured.  We also assessed interaction between planting date 
and cultivar. The heat unit concept, also referred to as growing degree-days (GDD), 
was used to model leaf emergence rates as well as dry matter production rates by 
regressing number of leaves on main stern or total dry weight over GDD, 
respectively.  Analysis of variance was then done on the regression coefficients to 
assess differences among planting dates and also among cultivars for rate of leaf or 
dry matter production. In the first year of the agronomy study, data were collected 
and analyzed for grain yield, lOOOKW and test weight. In the second year, the same 
parameters were analyzed, as well as harvest index. 
Table 17a and b gives an overview of the results for the entire study. Results for 
only four, cultivars, which are representative of the classes of grains used, are 
presented. Significant variations among planting dates and also among cultivars 
were observed for leaf and tiller numbers as well as dry weights. Excellent weather 
conditions, ample rainfall and warm temperatures, on the fourth seeding date in 
1997 provided plants with excellent conditions for growth. Leaf, tiller and dry 
matter production were significantly higher for this date than for the earlier seeded 91 
dates. However, these early growth superiorities did not culminate in higher yield. 
In an effort to get the second seeding done on time, the soil was worked while it 
was still wet and resulted in hard, cloddy (fist-like clods) soil seedbed that impaired 
growth. Crop stands were reduced and tiller and dry matter production were 
adversely affected. As expected, soil condition did not affect number of leaves. In 
1998, growing conditions were generally poor, primarily due to later planting dates 
necessitated by a late, wet early spring. Temperatures were high and precipitation 
generally low during crop growth. As a result, the plants on the earlier sown dates 
(planting one and two) performed better than those on the later sown dates. Crop 
development for date four was severely affected and ranked low in all parameters 
measured, except for leaf number which was similar to earlier dates. 
Among the cultivars, Yecora Rojo and Westbred936 were found to behave 
similarly.  This observation was not surprising as both have a similar genetic 
parentage. These cultivars generally ranked high in leaf and dry matter production, 
but differed in tiller production. Westbred936 produced few tillers while Yecora 
Rojo exhibited good tiller production (Table 4b). Wesbred936 produced either the 
lowest number of tillers or was among the lowest tiller producing cultivars in both 
years. Alpowa showed clear superiority in tiller production over the two-year 
period (Table 4b).  Field observation had suggested that Steptoe barley grew faster 
than the other grains but it was not different in leaf and tiller number. Its superiority 
over the other cultivars was in dry matter production, in which it ranked best in 
both years. 92 
Mainstem leaf production was found to be a linear function of growing 
degree-days in both 1997 and 1998, with a few exceptions, indicating that rate is 
mainly temperature-driven. These results confirm results that have been reported by 
many researchers for both field and growth chamber studies. Rate of leaf 
appearance was constant within a planting date but generally differed across 
planting dates. The few deviations from linearity observed in some of the datasets 
were minor and were likely as result of unusually high temperatures accompanied 
by moisture deficit at some point in the growing period. 
Phyllochron interval is the time between the appearance of successive 
leaves on the main  stem of cereal plants. It is measured as the inverse of the rate of 
leaf appearance. The smaller the phyllochron, the faster the leaves are appearing. 
Phyllochron has been reported not only to differ among planting dates but also to 
decrease with later sowings. In this study, phyllochron or the rate of leaf 
appearance was found to differ with seeding date.  In 1997, a consistent decrease in 
phyllochron was observed from the first to the third sowing date for Alpowa, 
Whitebird, Yecora Rojo and Steptoe. The fourth planting showed an increased 
phyllochron. The phyllochron of the other four cutivars - Penawawa, Treasure, 
Westbred936 and Cayuse showed a consistent decline from first to the last seeding 
date. No consistent increase or decrease in phyllochron with planting date was 
observed in 1998. What was obvious in both years was that rate of leaf appearance 
will generally increase within a certain temperature range. Above this, further 
increases in temperature may result in a slowing down of leaf emergence rates, likely due to decreases in photosynthesis rates or increases in respiration rates. 
Phyllochron values for 1997 were generally smaller than for 1998, indicating 
higher rates of leaf emergence in the first than the second year. 
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Significant variations among individual cultivars for leaf appearance rates 
were also observed. However, differences in rates between wheats and barley were 
not significantly different. Similarly, differences in rate of leaf appearance between 
the wheats and the oats were not significantly different and the same was true for 
barley and oats. Thus, the field observation that oats exhibit a slower growth rate is 
because of a low leaf numbers as a result of late emergence not because of lower 
rate of leaf appearance. In 1998, dry matter production of oats also was the second 
lowest, which may have given the illusion that growth rate is slower. Rate of dry 
matter production followed an inverse quadratic polynomial trend. As was 
expected, dry matter rates increased slowly in the early stages of growth but rose 
sharply as plants matured. Rates increased with increase in thermal time regardless 
of planting date. Rate of dry matter production for date four plants in 1997 was 
highest due to high total dry matter. On the other hand, unfavorable weather 
conditions (high temperatures accompanied by dry spells on date four in 1998) 
resulted in low dry matter production rates and poor overall vegetative growth. Just 
as was observed for leaf emergence rates, dry matter accumulation rates were 
higher in 1997 than in 1998. Among the cultivars, barley plants showed clear 
superiority in dry matter accumulation. This is likely the reason why the barleys 
seemed to show superior growth to all the other cultivars. 94 
The rationale behind the agronomic study was to see how vegetative growth 
relates to reproductive development of these cultivars on different sowing dates. It 
is noteworthy that date four plants in 1997 showed clear superiority in vegetative 
growth, but this did not translate into high grain yields. This could have been a 
result of poor assimilate redistribution. Kernel weights for date four plants were the 
lowest of all dates (Table 17). Lack of assimilate production or redistribution to 
kernels during kernel filling stage results in kernels that are low in weight.  The 
meteorological data shows that, though good precipitation and temperatures 
characterized the vegetative period, the reproductive stage was characterized by 
low moisture availability. Water stress at certain stages of crop growth is more 
harmful than in other stages. In grain crops the critical period is just before 
reproductive organ formation and right after pollination and fertilization. Water 
deficits during anthesis and immediately after anthesis reduce final grain weight per 
ear by reducing number of florets set within each spikelet. 
Date one plants for 1997 had good vegetative growth. In addition, they had 
the longest crop cycle and favorable condition during grain fill. It was thus not 
surprising that grain yields were high. Crop growth was very poor for date two due 
to seedbed conditions and so yields were the lowest. 
In 1998, grain yields declined with later sowing as has been reported by 
other researchers. Low grain yields for date four were as a result of poor vegetative 
growth. Among the cultivars studied, Steptoe and Treasure, a soft white wheat, had 
comparable yields on both years. Steptoe had the highest dry weights in both years. -------------
95 
Treasure exhibited high tiller numbers, hence its yield may have been derived from 
higher head numbers. 
The following conclusions can be drawn for this study: 
1.  Cereal development is temperature driven. 
2.  Growth of the cereals studied was affected more by temperature 
than by the other environmental factors, but soil moisture levels 
had significant effects on growth and in some cases negated 
temperature effects. 
3.  Rate of leaf appearance is constant within a planting date and 
within a certain thermal time period, but differs across plantings. 
The confounding effect of high temperature or moisture 
deficiency likely alters leaf appearance rate in late-planted grains. 
4.  Rate of leaf appearances in wheat as a group is not significantly 
different from those of barley or of oats. 
5.  There is a marginal relation between vegetative production and 
grain yields. Generally, good crop stands and dry matter lead to 
good crop yields, but stress in late planting can negate early 
season growth benefits. 
6.  While conventional wisdom and data from the study support 
planting as early as possible, our data show that the harm caused by poor seedbeds obtained in an attempt to plant early can more 
than offset gain in planting early. 
7.  The concept of late planting can be successful in some years. 
96 Table 17a. Effect of time of seeding on the different plant parameters measured for two consecutive years. 
Planting  Leaves  Tillers  Dry weight  Rate of leaf  Phyllochron  Grain yield  1000KW  TW  HI 
emergence 
date  #  #  (g)  (leaves/GDD)  (GDDlleaf)  (kg /ha)  (g)  (kglhl)  (%) 
1997 
1  4.0  1.6  2.10  0.0120  83  5604  45.7  72.2 
2  4.2  0.6  1.03  0.0128  78  4245  41.5  72.0 
3  3.9  1.1  1.55  0.0147  68  4671  42.3  69.9 
4  4.2  1.7  2.66  0.0143  70  4419  40.7  67.5 
1998 
1  4.2  0.4  2.00  0.0118  85  3321  40.1  71.2  43 
2  4.3  0.2  1.57  0.0125  80  2312  39.3  72.1  45 
3  4.5  0.6  1.82  0.0115  87  1937  35.7  70.5  37 
4  4.4  0.1  1.39  0.0113  88  537  29 Table 17b. Effect of cultivar on the different plant parameters measured. 
Cultivar  Leaves  Tillers  Dry weight  Rate of leaf  Phyllochron 
emergence 
#  #  (g)  (leaves/GDD)  (GDD/leaf) 
1997 
Treasure  4.0  1.4  1.79  0.0125  80 
WPB936  4.3  1.1  2.32  0.0146  68 
Cayuse  3.6  1.1  1.56  0.0131  76 
Steptoe  4.1  1.0  2.54  0.0134  75 
1998 
Treasure  4.2  0.3  1.55  0.0109  92 
WPB936  4.5  0.1  1.94  0.0119  84 
Cayuse  3.8  0.3  1.46  0.0115  87 
Steptoe  4.3  0.2  2.32  0.0114  88 
Grain yield  1000KW 
(kg /ha)  (g) 
5356  42.6 
4299  48.7 
4032  33.0 
5073  46.9 
2304  38.1 
1698  39.9 
1986  36.0 
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Appendix-Tablela. Regression equations for curves in Figs. 2a-d, relating number 
of leaves on cereal main stem to thermal time (GDD) in 1997. 
Planting date  Regression Equation  R2 
1997 
Alpowa 
1  -0.79 + 0.0125X  0.99 
2  -0.57 + 0.0124 X  0.97 
3  -2.02 + 0.0162X  0.98 
4  -1.65 + 0.0138X  0.96 
Penawawa 
1  -0.51 +0.0116X  0.98 
2  -0.56 + 0.0123X  0.98 
3  -1.13 + 0.0139X  0.96 
4  -1.27 + 0.0139X  0.97 
Treasure 
1  -0.51 +O.OIIIX  0.98 
2  -0.50 + 0.0116X  0.98 
3  -1.13 + 0.0136X  0.99 
4  -1.30 + 0.0139X  0.98 
Whitebird 
1  -0.54 + 0.0121X  0.96 
2  -0.85 + 0.0132X  0.99 
3  -1.06 + 0.0141X  0.99 
4  -1.25 + 0.0134X  0.96 
Westbred936 
1  -0.90 + 0.0131X  0.99 
2  -1.05 + 0.0142X  0.99 
3  -1.49 + 0.0156X  0.99 
4  -1.82 + 0.0156X  0.98 
Yecora Rojo 
1  -0.60 + 0.0122X  0.97 
2  -1.11 +0.0146X  0.99 
3  -1.43 + 0.0155X  0.99 
4  -1.18 + 0.0146X  0.98 
Cayuse 
1  -1.11 + 0.0117X  0.97 
2  -1.14 + 0.0124X  0.98 
3  -1.58 + 0.0136X  0.97 
4  -2.05 + 0.0148X  0.98 
Septoe 
1  -0.55 + 0.0118X  0.99 
2  -0.33 + 0.0119X  0.96 (Appendix-Table la, Continued) 
3 
4 
-1.54 + 0.0152X 




Appendix  -Table 1  b.  Regression equations for curves in Figs. 3a-d, relating number 
of leaves on cereal main stem to thermal time (GDD) in 1998. 
Planting date  Regression Equation  R2 
1998 
Alpowa 
1  -0.20 + 0.0105X  0.91 
2  -1.26 + 0.0136 X  0.97 
3  -0.71 + 0.0122X  0.97 
4  -0.42 + 0.01 03X  0.98 
Penawawa 
1  -0.89 + 0.0122X  0.97 
2  -0.81 + 0.0127X  0.98 
3  -0.51 + 0.0121X  0.98 
4  -1.02 + 0.0124X  0.99 
Treasure 
1  -0.45 + 0.0108X  0.97 
2  -0.70 + 0.0119X  0.97 
3  -0.24 + 0.01 OOX  0.99 
4  -0.46 + 0.0108X  0.96 
Whitebird 
1  -1.09 + 0.0132X  0.97 
2  -0.96 + 0.0133X  0.95 
3  -0.87 + 0.0138X  0.99 
4  -0.93 + 0.0124X  0.97 
Westbred936 
1  -0.98 + 0.0127X  0.97 
2  -0.31 + 0.0118X  0.76 
3  -0.04 + 0.0112X  0.92 
4  -0.48 + 0.0118X  0.95 
Yecora Rojo 
1  -0.43 + 0.0118X  0.95 
2  -0.30 + 0.0120X  0.96 
3  -0.49 + 0.01 05X  0.87 
4  0.53 + 0.0101X  0.87 ---------------- ----- ---- ----- -
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Cayuse 
1  -0.92 + 0.0l07X  0.95 
2  -1.29 + 0.0124X  0.97 
3  -0.62 + 0.0114X  0.99 
4  -1.14+0.0118X  0.95 
Septoe 
1  -1.22 + 0.0124X  0.95 
2  -0.81 + 0.0123X  0.97 
3  -0.08 + 0.0107X  0.91 
4  -0.19 + 0.0105 X  0.94 
Appendix-Table 2a.  Regression equations for curves in Figs. 4a-d, relating total 
above-ground  dry matter of cereal plants to thermal time (GDD) in 1997. 
Planting date  Regression Equation  R2 
1997 
Alpowa 
1  1.58 - 0.014 X + 0.000035X2  0.98 
2  0.53 - 0.004 X + 0.000013X2  0.95 
3  3.14 - 0.023 X + 0.000045X2  0.93 
4  0.01 - 0.003 X + 0.0000 16X2  0.93 
Penawawa 
1  1.91 - 0.016X + 0.000039X2  0.98 
2  0.34 - 0.003X + 0.00000lX2  0.78 
3  0.13 - 0.004X + 0.0000 17X2  0.88 
4  0.41 - 0.007X + 0.000025X2  0.92 
Treasure 
1  1.82 - 0.016X + 0.00004X2  0.98 
2  0.32 - 0.003X + 0.000012X2  0.91 
3  2.19 - 0.0 17X + 0.000038X2  0.92 
4  0.65 - O.OlOX + 0.000036X2  0.94 
Whitebird 
1  0.69 - 0.009X + 0.000027X2  0.98 
2  0.46 - 0.004X + 0.000011X2  0.94 
3  3.08 - 0.023X + 0.000049X2  0.79 
4  -2.0 + 0.008X + 0.000003X2  0.90 
110 ~~~~~~~~~~~~~~~--~~~---~  ~-
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Westbred936 
1  2.93 - 0.024X + 0.000055X
2  0.99 
2  0.70 - 0.006X + 0.000017X
2  0.90 
3  6.00 - 0.042X + 0.00008X
2  0.96 
4  6.62 - 0.048X + 0.000092X
2  0.99 
Yecora Rojo 
1  1.85 - 0.0 17X + 0.000044 X
2  0.98 
2  1.30 - 0.009X + 0.000022 X
2  0.94 
3  1.96 - 0.0 17X + 0.000041 X
2  0.98 
4  3.18 - 0.027X + 0.000062 X
2  0.94 
Cayuse 
1  3.49 - 0.028X + 0.000058X
2  0.96 
2  0.3 0-0.004X + 0.000013X
2  0.90 
3  3.14 - 0.024X + 0.000047X
2  0.94 
4  3.25 - 0.025X + 0.000049X
2  0.97 
Septoe 
1  0.88 - 0.14X +  0.000049X
2  0.91 
2  -0.05 - 0.002X + 0.000013X
2  0.93 
3  5.14 - 0.037X + 0.00007X
2  0.97 
4  4.36 -0.036 X + 0.000077X
2  0.97 
Appendix-Table 2b.  Regression equations for curves in Figs. 5a-d, relating dry 
matter to thermal time (GDD) in 1998. 
Planting date  Regression Equation  R2 
1998 
Alpowa 
6.96 - 0.044 X + 0.000071X
2  0.87 
2  3.88 - 0.025 X + 0.000042X
2  0.91 
3  2.61 - 0.017 X + 0.000031X
2  0.86 
4  1.68 - 0.0 lOX  + 0.000018X
2  0.67 
Penawawa 
1  6.28 - 0.040X + 0.000066X
2  0.87 
2  3.25 - 0.021X + 0.000037X
2  0.90 
3  0.77 - 0.006X + 0.000017X
2  0.80 
4  2.10 - 0.0 13X + 0.000022X
2  0.94 
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Treasure 
1  5.35 - 0.034X + 0.000056X
2  0.82 
2  1.17 - 0.009X + 0.000021X
2  0.85 
3  1.57 - O.OIIX + 0.000024X
2  0.91 
4  2.53 - 0.0 15X + 0.000027X
2  0.86 
Whitebird 
1  4.57 - 0.029X + 0.000049X
2  0.78 
2  2.41 - 0.016X + 0.000029X
2  0.83 
3  1.11 - 0.008X + 0.000021X
2  0.89 
4  0.45 - 0.003X + 0.000010X
2  0.67 
Westbred936 
1  8.91 - 0.055X + 0.000088X
2  0.84 
2  3.70-0.024X +  0.000044X
2  0.95 
3  0.42 - 0.005X + 0.000021X
2  0.95 
4  3.44 - 0.021X + 0.000036X
2  0.85 
Yecora Rojo 
1  7.75 - 0.049X + 0.000079 X
2  0.79 
2  4.13 - 0.027X + 0.000048X
2  0.83 
3  0.96 - 0.008X + 0.000024X
2  0.87 
4  3.36 - 0.020X + 0.000037X
2  0.82 
Cayuse 
1  5.49 - 0.035X + 0.000057X
2  0.80 
2  3.63 - 0.024X + 0.000041X
2  0.93 
3  3.42 - 0.023X + 0.000042X
2  0.89 
4  2.59 - 0.016X + 0.000027X
2  0.81 
Septoe 
1  9.59 - 0.060X + 0.000096X
2  0.97 
2  5.60 - 0.037X + 0.000064X
2  0.81 
3  1.03 - 0.009X + 0.000027X
2  0.82 
4  1.43 -0.012 X + 0.000029X
2  0.91 113 
Appendix-Table 3. Daily temperature, precipitation and photoperiod at the Hyslop 
Research Farm for the 1997 growing season. Temperatures given are the daily 
seven-day running means. 
. Date  Daysl  Temp.  Ppt.  Photoperiod 
(OC)  (mm)  (h) 
3126/97  85  9.64  1.02  12.27 
27  86  9.44  1.52  12.29 
28  87  9.09  3.30  12.32 
29  88  8.17  0.00  12.36 
30  89  6.98  0.00  12.79 
31  90  7.06  7.62  12.82 
4/1/97  91  6.87  3.81  12.85 
2  92  6.94  0.00  12.89 
3  93  6.79  0.00  12.91 
4  94  7.34  0.00  12.94 
5  95  8.10  0.00  12.98 
6  96  8.10  0.00  13.01 
7  97  7.94  2.54  13.04 
8  98  8.33  5.08  13.07 
9  99  8.65  0.51  13.10 
10  100  8.85  0.76  13.13 
11  101  8.73  0.00  13.16 
12  102  8.85  0.00  13.19 
13  103  10.16  0.00  13.23 
14  104  10.67  6.60  13.25 
15  105  11.27  5.84  13.28 
16  106  11.59  1.27  13.31 
17  107  11.87  0.00  13.75 
18  108  12.06  1.78  13.77 
19  109  12.02  1.78  13.80 
20  110  11.31  27.43  13.83 
21  111  11.23  0.00  13.86 
22  112  10.79  1.78  13.89 
23  113  11.27  16.76  13.91 
24  114  11.63  1.78  13.94 
25  115  11.55  0.00  13.97 
26  116  11.39  0.00  14.00 
27  117  11.63  2.54  14.03 
28  118  11.27  2.03  14.06 
29  119  11.27  3.30  14.09 
30  120  10.91  5.84  14.12 --------------
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5/1/97  121  10.56  1.27  14.14 
2  122  11.03  0.25  14.17 
3  123  11.75  2.03  14.19 
4  124  11.75  0.51  14.62 
5  125  12.54  0.00  14.64 
6  126  13.45  2.29  14.66 
7  127  14.17  0.00  14.69 
8  128  15.36  0.00  14.72 
9  129  16.31  0.00  14.75 
10  130  16.71  0.00  14.78 
11  131  17.62  0.00  14.80 
12  132  18.65  0.00  14.82 
13  133  18.97  0.00  14.84 
14  134  19.37  0.00  14.86 
15  135  19.01  0.00  14.88 
16  136  18.45  0.00  14.90 
17  137  18.10  0.00  14.92 
18  138  17.26  0.00  14.95 
19  139  16.11  0.00  14.97 
20  140  15.63  0.00  14.99 
21  141  14.48  0.00  15.01 
22  142  13.49  0.00  15.03 
23  143  12.62  5.33  15.05 
24  144  12.98  4.06  15.07 
25  145  13.69  1.52  15.08 
26  146  14.52  0.25  15.10 
27  147  15.44  0.51  15.12 
28  148  16.75  1.78  15.13 
29  149  17.42  19.05  15.14 
30  150  17.70  2.03  15.16 
31  151  17.74  14.99  15.18 
6/1/97  152  17.42  16.26  15.19 
2  153  16.63  0.00  15.21 
3  154  15.48  3.81  15.22 
4  155  14.96  4.32  15.23 
5  156  15.00  3.30  15.25 
6  157  15.24  0.00  15.25 
7  158  15.20  0.00  15.27 
8  159  15.56  0.00  15.27 
9  160  15.71  0.00  15.28 
10  161  15.71  0.00  15.30 
11  162  15.52  0.00  15.30 115 
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12  163  15.75  4.32  15.31 
13  164  16.39  10.16  15.31 
14  165  16.87  0.00  15.32 
15  166  16.94  0.00  15.32 
16  167  17.06  0.00  15.73 
17  168  17.18  0.00  15.73 
18  169  17.42  0.51  15.73 
19  170  16.75  0.00  15.74 
20  171  16.07  0.00  15.74 
21  172  15.00  0.00  15.74 
22  173  14.52  6.86  15.73 
23  174  14.52  7.11  15.73 
24  175  14.68  0.76  15.73 
25  176  14.52  0.00  15.73 
26  177  14.72  0.00  15.73 
27  178  15.08  0.00  15.72 
28  179  15.50  0.00  15.71 
29  180  15.60  4.06  15.71 
30  181  16.21  0.00  15.70 
7/1/97  182  17.07  3.30  15.70 
2  183  17.98  0.00  15.69 
3  184  18.99  0.00  15.69 
4  185  19.00  0.00  15.67 
5  186  19.57  0.00  15.67 
6  187  20.00  0.25  15.66 
7  188  19.57  1.78  15.24 
8  189  18.71  0.00  15.23 
9  190  17.86  4.32  15.22 
10  191  17.57  0.00  15.21 
11  192  18.14  0.00  15.19 
12  193  18.14  0.00  15.18 
13  194  18.29  0.00  15.16 
14  195  18.86  0.00  15.15 
15  196  19.00  0.00  15.14 
16  197  19.29  0.00  15.12 
17  198  19.71  0.00  15.10 
18  199  19.71  0.00  15.09 
19  200  19.43  0.00  15.07 
20  201  19.29  0.00  15.05 
21  202  19.14  0.00  15.03 
22  203  19.71  0.00  15.01 
23  204  19.71  0.00  14.99 ---------------------------------------------.. 
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24  205  19.43  0.00  14.97 
25  206  19.57  0.00  14.95 
26  207  20.00  0.00  14.93 
27  208  20.00  0.00  14.91 
28  209  19.86  0.00  13.98 
29  210  19.71  0.00  14.87 
30  211  19.86  0.00  14.85 
31  212  19.86  0.00  14.82 
8/1/97  213  19.57  0.00  14.80 
2  214  19.71  0.00  14.78 
3  215  20.43  0.00  14.36 
4  216  21.00  0.00  14.32 
5  217  21.14  0.00  14.30 
6  218  21.14  0.00  14.28 
7  219  21.71  0.00  14.25 
8  220  21.86  0.00  14.23 
9  221  21.86  0.00  14.21 
10  222  21.86  0.00  14.17 
11  223  21.86  0.00  14.15 
12  224  22.14  0.00  14.17 
13  225  22.00  0.00  14.10 
14  226  22.00  0.00  14.07 
15  227  22.00  0.00  14.04 
16  228  21.57  0.00  14.01 
17  229  21.57  0.00  13.98 
18  230  21.00  0.00  13.96 
19  231  20.71  0.00  13.93 
20  232  20.86  2.79  13.91 
21  233  20.57  6.86  13.87 
22  234  20.71  0.00  13.84 
23  235  21.00  0.00  13.81 
24  236  20.00  8.89  13.79 
25  237  20.29  0.00  13.76 
Daysl =  No. of days from the beginning of the year. 117 
Appendix-Table 4. Daily temperature, precipitation and photoperiod at the Hyslop 
Research Farm for the 1998 growing season. Temperatures given are the daily 
seven-day running means. 
Date  Days!  Temp.  Ppt.  Photoperiod 
(Oe)  (mm)  (h) 
4/16/98  106  10.20  0.00  13.31 
17  107  11.47  0.00  13.75 
18  108  11.51  0.00  13.77 
19  109  10.91  0.00  13.80 
20  110  10.91  0.00  13.83 
21  111  11.39  0.00  13.86 
22  112  11.59  0.00  13.89 
23  113  11.90  7.62  13.91 
24  114  12.26  2.29  13.94 
25  115  13.61  1.78  13.97 
26  116  15.16  0.00  14.00 
27  117  16.07  0.00  14.03 
28  118  16.71  0.00  14.06 
29  119  16.98  0.00  14.09 
30  120  16.87  0.00  14.12 
5/1/98  121  16.43  0.00  14.14 
2  122  15.91  6.60  14.17 
3  123  14.60  15.75  14.19 
4  124  13.85  0.00  14.62 
5  125  13.13  0.00  14.64 
6  126  12.42  0.00  14.66 
7  127  11.59  0.00  14.69 
8  128  10.75  0.51  14.72 
9  129  10.08  3.05  14.75 
10  130  10.16  1.02  14.78 
11  131  10.16  0.00  14.80 
12  132  9.96  0.25  14.82 
13  133  10.24  11.68  14.84 
14  134  10.71  6.60  14.86 
15  135  10.95  6.10  14.88 
16  136  10.91  5.84  14.90 
17  137  11.31  5.33  14.92 
18  138  12.10  1.27  14.95 
19  139  12.26  10.41  14.97 
20  140  11.39  5.59  14.99 118 
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21  141  10.79  25.40  15.01 
22  142  11.03  0.25  15.03 
23  143  12.14  0.00  15.05 
24  144  11.75  3.30  15.07 
25  145  11.55  5.59  15.08 
26  146  12.34  8.38  15.10 
27  147  13.53  4.83  15.12 
28  148  13.97  0.00  15.13 
29  149  14.52  7.62  15.14 
30  150  13.93  11.94  15.16 
31  151  14.84  0.00  15.18 
6/1/98  152  15.52  0.00  15.19 
2  153  15.67  0.00  15.21 
3  154  15.75  0.00  15.22 
4  155  16.75  0.00  15.23 
5  156  16.35  0.00  15.25 
6  157  16.87  0.00  15.25 
7  158  16.90  0.00  15.27 
8  159  16.27  0.00  15.27 
9  160  16.27  0.00  15.28 
10  161  16.15  6.86  15.30 
11  162  15.40  0.00  15.30 
12  163  15.48  0.00  15.31 
13  164  15.00  0.00  15.31 
14  165  14.76  0.00  15.32 
15  166  15.32  0.00  15.32 
16  167  15.56  0.00  15.73 
17  168  15.67  0.00  15.73 
18  169  16.15  0.00  15.73 
19  170  16.27  0.00  15.74 
20  171  16.39  0.00  15.74 
21  172  16.31  0.00  15.74 
22  173  16.19  0.00  15.73 
23  174  16.07  0.00  15.73 
24  175  16.43  6.60  15.73 
25  176  16.39  6.10  15.73 
26  177  16.63  4.32  15.73 
27  178  17.22  0.76  15.72 
28  179  17.54  0.00  15.71 
29  180  17.58  0.00  15.71 
30  181  17.78  0.00  15.70 
7/1/98  182  18.17  0.00  15.70 119 
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2  183  18.45  0.00  15.69 
3  184  18.93  0.00  15.69 
4  185  19.25  0.00  15.67 
5  186  19.29  0.00  15.67 
6  187  19.56  0.00  15.66 
7  188  19.25  0.00  15.24 
8  189  19.05  0.00  15.23 
9  190  19.17  0.00  15.22 
10  191  19.29  1.27  15.21 
11  192  19.60  0.25  15.19 
12  193  20.32  0.00  15.18 
13  194  20.44  0.00  15.16 
14  195  20.71  0.00  15.15 
15  196  20.87  0.00  15.14 
16  197  21.31  0.00  15.12 
17  198  21.51  0.00  15.10 
18  199  21.27  0.00  15.09 
19  200  20.95  0.00  15.07 
20  201  21.43  0.00  15.05 
21  202  22.54  0.00  15.03 
22  203  23.45  0.00  15.01 
23  204  23.89  0.00  14.99 
24  205  23.37  0.00  14.97 
25  206  23.33  0.00  14.95 
26  207  23.25  0.00  14.93 
27  208  22.70  0.00  14.91 
28  209  21.83  0.00  13.98 
29  210  21.39  0.00  14.87 
30  211  21.07  1.02  14.85 
31  212  21.39  0.00  14.82 
8/1/98  213  20.95  0.00  14.80 
2  214  20.83  0.00  14.78 
3  215  20.91  0.00  14.36 
4  216  20.63  0.00  14.32 
5  217  20.28  0.00  14.30 
6  218  20.28  0.00  14.28 
7  219  20.79  0.00  14.25 
8  220  21.79  0.00  14.23 
9  221  22.50  0.00  14.21 
10  222  22.38  0.00  14.17 
11  223  22.06  0.00  14.15 
12  224  21.43  0.00  14.17 120 
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13  225  20.52  0.00  14.10 
14  226  19.56  0.00  14.07 
15  227  18.89  0.00  14.04 
16  228  18.06  0.00  14.01 
17  229  18.25  0.00  13.98 
18  230  18.02  0.00  13.96 
19  231  17.94  0.00  13.93 
20  232  18.10  0.00  13.91 
21  233  18.21  0.00  13.87 
22  234  18.21  0.00  13.84 
23  235  18.81  0.00  13.81 
24  236  18.93  0.00  13.79 
25  237  19.88  0.00  13.76 
26  238  21.03  0.00  13.72 
27  239  21.79  0.00  13.29 
28  240  22.50  0.00  13.27 
29  241  23.25  0.00  13.24 
30  242  23.02  0.00  13.21 
31  243  22.58  0.00  13.18 
9/1/98  244  22.38  0.00  13.14 
2  245  22.06  0.00  13.12 
3  246  20.83  0.00  13.09 
4  247  19.21  0.00  13.06 
Daysl = No. of days from the beginning of the year. 121 
Appendix-Table 5. Analysis of variance of the slope (rate of leaf emergence) for 
the regression leaf number on main stem versus accumulated degree-days (GDD) 
after planting of eight cultivars on four planting dates over two years. 
Rate of leaf appearance 
Source  df  Mean square  F value  F 
rep  3  0.00000285  3.45  0.0188 
pdate  3  0.00001636  22.11  <0.0002 
rep*pdate  9  0.00000074  0.89  0.5336 
cult  7  0.00000757  10.48  <0.0001 
rep*cult  21  0.00000072  0.87  0.6274 
pdate*cult  21  0.00000189  2.28  0.0027 
year  1  0.00018679  225.47  <0.0001 
year*rep  3  0.00000122  1.47  0.2245 
year*pdate  3  0.00004333  26.84  <0.0001 
year*rep*pdate  9  0.00000161  1.95  0.0509 
year*cult  7  0.00000863  16.09  <0.0001 
year*rep*cult  21  0.00000054  0.65  0.8753 
year*pdate  *cult  21  0.00000194  2.34  0.0020 